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The European Union is close to finalizing a new strategy 

on pharmaceuticals in the environment (PIE), which could 

include proposals for stricter controls on effluents from 

medicines and active ingredient plants. Its initial focus is likely 

to be on tackling environmental pollution by pharmaceuticals 

as a means of curbing antimicrobial resistance (AMR). In the 

longer term, measures against discharges of antimicrobial 

manufacturing waste will be followed by steps against 

emissions from plants making other pharmaceuticals of 

environmental concern such as endocrine disruptors.

The European Commission, the Brussels-based EU executive, 

adopted in June 2017 an action plan (1) on antimicrobial

resistance with the objective, according to Vytenis

Andriukaitis, health and food safety commissioner, of making 

“the EU a best practice region worthy of shaping the global 

agenda on AMR in this increasingly interconnected world.”

Waste from antibiotic API plants

In a roadmap issued in April 2017 to enable stakeholders to 

provide feedback on the planned PIE strategy, the Commission

acknowledges that pharmaceutical pollution was an “emerging 

environmental problem” that required initiatives from the 

Commission, particularly on water contamination by drug

substances. So far, the Commission has avoided making any 

specific proposals on dealing with the issue of discharges of 

antibiotics waste from plants manufacturing antimicrobial APIs 

considered by some experts to be a major source of AMR. The 

Commission, however, has been coming under mounting

pressure to take some sort of initiative on waste from the

manufacture of antibiotic APIs because of these possible links 

with antimicrobial resistance.

In recent years, studies, mostly by academics, have

provided mounting evidence that discharges of antibiotics 

APIs from production plants could be causing the creation 

of resistant pathogens, which could ultimately be spread 

around the world. In one of the biggest investigations 

of AMR, the Review on Antimicrobial Resistance funded

by the United Kingdom government and Wellcome Trust

and chaired by the economist Jim O’Neill claimed (2) that

in discussions of the issue the way antimicrobials were 

produced “had been too often neglected.” The review, 

published in 2016, recommended that global bodies, 

governments, and regulators should set evidence-based,

enforceable targets for the maximum levels of discharged 

antimicrobial APIs in manufacturing waste. It also

suggested that pharmaceutical companies should improve 

the monitoring of their own API manufacturing units and

those of third-party suppliers.

In fact, with the assistance of the Review on Antimicrobial

Resistance, the pharmaceutical industry had already been

taking action on AMR. In early 2016, 96 pharmaceutical,

biotechnology, and diagnostics companies and nine industry 

associations drew up what was called the Davos Declaration (3) 

under which the signatories pledged their support for a

series of anti-AMR measures, including initiatives to combat

environmental pollution by antibiotics. In September 2016, a 

group of companies within the Geneva-based International

Federation of Pharmaceutical Manufacturers & Associations

(IFPMA) issued a roadmap laying out a voluntary programme

for controlling antibiotic discharges from pharmaceutical plants.

The 13 signatories to the document included leading global

players such as AstraZeneca, Roche, GlaxoSmithKline, Merck &

Co., Novartis, Pfizer, and Sanofi. 

Pollution from manufacturing sites in India and China

For the European Union, which works mainly through legisla-

tion adopted by its 28 member states rather than voluntary 

schemes, curbing antibiotic discharges is a big challenge. The

vast majority of antimicrobial APIs supplied to the European 

market are manufactured in India and China. Studies have

revealed high levels of pollution from antimicrobial APIs at

manufacturing sites in both countries. In 2016, a group of 

German researchers working in Hyderabad in southern India, 

which is a hub of bulk drug manufacture, detected the anti-

fungal fluconazole at a concentration of 236,950 micrograms

per litre, which was more than 20 times greater than

therapeutically desired levels in the blood (4).

“To our knowledge, this is the highest concentration of any 

drug ever measured in the environment,” said the scientists 

headed by Christoph Luebbert of Leipzig University Hospital’s

infectious diseases and tropical medicine unit. “Our findings

confirm those of previous studies that demonstrated a strong 

association between environmentally stable anti-infective 

residue pollution and the presence of multi-drug resistant

(MDR) bacteria.”

In the face of such high concentrations of pollution and

the likelihood it triggers the creation of large AMR reservoirs,

the European Commission is being urged to take a strong

line with non-European API suppliers in the fight against

antimicrobial resistance.

“From a moral standpoint, minimizing such discharges fall

within the responsibility of Europe, as we are buying and using

Pharmaceutical Environmental 

Pollution and Antimicrobial Resistance

The European Commission is striving to tackle environmental pollution 

by pharmaceuticals as a means of curbing antimicrobial resistance.

Sean Milmo

is a freelance writer based in Essex, UK, 

seanmilmo@btconnect.com.
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these drugs,” said Professor Joachim Larsson, a specialist in 

antimicrobial resistance at Gothenburg University’s Institute 

of Biomedicine in Sweden. “The responsible way of acting, 

as buyers and consumers, would be to develop and apply 

demands and regulations that secures environmentally safe 

production, regardless if production takes place in Europe or 

elsewhere,” he explained in a feedback to the proposed PIE 

strategy (5). He warned about the global threat of inadequate 

controls on discharges from bulk drug plants. Because of the 

way that resistant pathogens evolve, theoretically an AMR-

polluting incident need happen only “once at one site of our 

planet, then travelling and globalization takes care of the 

spread of these bacteria,” he said.

Many other people participating in the consultation exercise 

earlier in 2017 on the Commission’s planned PIE strategy also 

wanted action taken against polluting plants. The vast majority 

of stakeholders in the consultation, representing industry, non-

governmental organizations (NGOs), healthcare providers, and 

other public and private sector organizations, backed more 

surveillance and collection of data on discharges and the 

application of minimum manufacturing standards to prevent 

pharmaceutical waste causing resistance.

Even regulators supported tougher controls on emissions. 

EU legislation should be tightened up with greater transparency 

and traceability in the manufacturing chain to prevent the 

environmental consequences of API production, said the 

Norwegian Medicines Agency in its feedback (6). Norway is a 

non-EU state but a member of the EU single market. 

Extension of GMP

One option being put forward by backers of a more robust 

European approach is for good manufacturing practice (GMP) 

standards to be extended to cover control of emissions. This 

would be fiercely opposed by industry, which wants GMP to 

remain firmly focused on product quality and safety.

“GMP is not about environmental standards,” Bengt 

Mattson, environment and corporate responsibility manager 

at the Swedish research-based pharmaceutical industry 

association (LIF), told Pharmaceutical Technology Europe. “If 

the EU tries to impose environmental standards through 

GMP, it will risk getting into trade conflicts,” added Mattson, 

who is also co-chair of a PIE task force backed by the 

industry’s three main European associations—the European 

Federation of Pharmaceutical Industries and Associations 

(EFPIA), Medicines for Europe (previously the European 

Generics Medicines Association [EGA]), and the Association of 

European Self-Medication Industry (AESGP) for the European 

pharmaceutical wholesalers.

An extension of GMP would also be at odds with the EU’s 

own system of pollution controls in manufacturing which are 

applied through plant operating permits. “India and China have 

their own, similar environmental legislation,” said Mattson. 

“The difference is in the way it is enforced.”

An alternative would be for the EU to take a more 

decentralized approach under which India and Chinese plants 

would be given “quality marks” for pollution controls. Then 

individual European governments, national procurement 

agencies, or healthcare providers would decide for themselves 

whether to buy from low-ranking suppliers.

The roadmap signatories within IFPMA are moving towards 

a system based upon limits on AMR-threatening discharges 

at individual sites, which with the help of expert advisors, 

would be set by the industry. The participants in the roadmap 

scheme will establish in 2018 a common framework of good 

practice for controlling discharges of antibiotics into the 

environment in their supply chains.

By 2020 science-driven, risk-based limits on concentrations 

of discharges of antibiotics waste will be introduced with good 

practice methods being applied to reduce the environmental 

impacts of these emissions. The roadmap group stresses that 

any system of limits on discharges will need to be funded with 

the help of higher margins on antibiotics and other antimicrobials.

“There are enormous price pressures at the moment,” said 

Mattson. “Some antibiotics are currently as cheap as sticks 

of candy. This is one reason why some producers have been 

taking short cuts with their control of emissions. Society 

has to be prepared to pay for the costs of good quality 

environmental standards.”

Low prices are considered to be a factor behind shortages 

of antibiotics in Europe as a result of poor profitability leading 

to reductions in production capacity. “This downward price 

pressure on essential antibiotics has jeopardized their 

continued availability,” a spokesman for Medicines for Europe 

told Pharmaceutical Technology Europe. “In most European 

countries, the price level of antibiotics is close to marginal 

cost, and sometimes even below that—for example in 

Denmark and Portugal. As a result of these unsustainable price 

levels and drastic cost-containment measures, the number of 

antibiotic manufacturers in Europe has gone down.”

Medicines for Europe has been urging the EU countries to 

adopt pricing and procurement policies for antibiotics, which 

would help boost investment in production capacity in Europe. 

To be consistent with what is likely to be an EU strategy on 

PIE aimed at preventing manufacturing discharges causing 

antimicrobial resistance, such pricing policies will also have 

to be aimed at generating funds for building state-of-the art 

waste treatment plants. 
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Mergers and acquisitions (M&A) are a central 

feature of the contract development and 

manufacturing (CDMO) industry today. Several new 

deals are being announced every month, some 

of them quite substantial, and these deals are 

reshaping the industry. 

CDMOs are in great demand by both strategic 

buyers (i.e., companies in the CDMO business or a 

related business) and financial buyers (i.e., private 

equity firms). Valuations of companies acquired 

in M&A deals are reaching high levels as buyers 

compete to win the prize. While private equity 

investors typically use a “rule of thumb” to value 

businesses at 10 times earnings before interest, 

taxes, depreciation, and amortization (EBITDA), 

some deals have gone as high as 20x EBITDA. One 

small CDMO that recently went through a process 

reported that they had received nearly 10 offers from 

potential investors.

The interest in CDMOs as acquisition targets 

is driven in large part by the demand for contract 

development and manufacturing services from 

emerging bio/pharmaceutical companies. Those 

companies generally lack internal development 

capabilities and are highly dependent on CDMOs and 

contract research organizations (CROs). Emerging bio/

pharma companies themselves have attracted large 

amounts of investor capital as they have become a 

major source of new product candidates for global 

bio/pharma companies. Thanks to growing demand 

from emerging bio/pharma companies, CDMOs have 

enjoyed high double-digit growth rates in recent years, 

and investors in CDMOs are betting that those rates of 

growth will continue into the next five years at least.

Therein lies the rub: today’s high 

valuations are based on current 

market conditions, but history 

tells us that extrapolating today’s 

market well into the future is 

dangerous. External financing for 

emerging bio/pharma companies is 

notoriously cyclical: a boom in the 

late 1990s collapsed along with the 

bursting of the dotcom bubble in 

2000. After several poor years, the 

market rekindled again in 2004 but 

collapsed with the global financial 

crisis in 2008. Public financial 

markets did not really open 

again for emerging bio/pharma 

companies until 2012–2013, and 

the industry is now four years into 

the current financing rebound. While an imminent 

collapse in bio/pharma funding is not predicted, 

history suggests that caution is warranted.

The challenge for the industry is illustrated in 

Figure 1. R&D spending by publicly-traded emerging 

bio/pharma companies has risen rapidly since the 

beginning of 2015, although it has been flat in the first 

few quarters (blue columns). However, most of those 

companies have cash on hand equivalent to just over 

four quarters’ of R&D spending (red line). If external 

financing becomes more difficult to raise, as it did in 

2016, companies will slow their rate of spending in 

order to conserve their cash until they can raise more. 

With just four quarters’ of cash on hand, spending 

could slow quickly if conditions worsen.

Downside risks
The implications of making acquisitions in an 

overheated market will differ depending on the 

motivations of the buyer, and the way the buyer 

finances the deal. Strategic buyers have a long-term 

perspective, and measure success in terms of market 

share, revenue growth, and enterprise value. The 

motivations of financial buyers, however, are often 

more complicated. They typically make acquisitions 

with defined investment horizons of about five 

years, and their focus is on how to optimize their 

cash return on investment over that period. While 

concerned with enterprise value at the end of the 

holding period, private equity investors may also 

seek a faster return by using the company’s cash 

flow and debt capacity to finance dividends. Their 

take on what makes an acquisition attractive is often 

different from that of the strategic buyer.

Up and Away, M&A
Mergers and acquisitions are positive for the CDMO industry, but there is a downside.
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Figure 1: R&D spending and cash on hand for emerging 

bio/pharma companies.
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The conflict between near-term cash 

returns and long-term investments 

can be particularly severe in the case 

of pharmaceutical manufacturing and 

development. A substantial capacity 

investment can take two-to-three 

years to design, construct, and 

validate, and ramping up utilization 

of that capacity increment will take 

several more years after that. For 

a financial investor with a five-year 

horizon, an investment that is cash-

negative for most of that period may 

not be attractive, even if it enhances 

the long-term value of the business.

Lingering concerns
This is not to suggest that private 

equity firms are not welcome buyers 

of CDMOs. Often the businesses 

private equity buyers invest in are 

short on the capital, know-how, 

financial discipline, and executive skills 

necessary to take their businesses to 

the next level. The best private equity 

firms are very good at providing the 

resources to enable business growth 

and maturation. In an environment of 

frothy valuations, however, investors 

in debt-financed acquisitions may be 

challenged to feed businesses all the 

resources they need to grow.

But using a lot of debt to buy a 

business at the top of a cycle can be 

dangerous. As revenues flatten out or 

fall on the downside of the cycle, debt-

laden businesses will struggle to make 

the necessary investments as well as 

service their debt. A number of CDMOs 

experienced financial challenges in 

the wake of the downturn in the late 

2000s and were forced to restructure 

or close down altogether. Bio/pharma 

companies should do careful financial 

due diligence when qualifying CDMOs, 

especially for commercial requirements.

Another concern is the impact 

that M&A activity has on customer 

perceptions, especially global bio/

pharma companies. On the one hand, 

M&A creates companies with broader 

capabilities and scope, which enables 

bio/pharma companies of all sizes to 

simplify their supply chains. 

However, the M&A activity also 

creates uncertainty around the supply 

chain. Given the current rate of activity, 

there is no assurance that the CDMO 

a biopharma company contracts with 

today will be the same company that 

is fulfilling its order two years from 

now. The business model, objectives, 

culture, and operating skills of a new 

owner may be different from the owner 

the CDMO originally contracted with. 

Global bio/pharma companies 

may be particularly concerned about 

changes in ownership. Already 

reluctant to outsource and keenly 

attuned to supply chain security 

issues, too much churn in the supply 

base can make those companies 

wary about working with CDMOs.

Overall M&A is a positive for the 

CDMO industry. The current activity 

attests to the industry’s robustness and 

long-term prospects, and rewards the 

entrepreneurs who have built admirable 

businesses. But buyers and sellers need 

to be wary of the downsides of the 

overheated market. PTE
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Improving R&D productivity continues to be a key 

challenge for the pharmaceutical industry. There is 

increasing pressure to speed up drug development and 

make it more cost-effective. Companies want to ensure 

that their most promising drug candidates eventually 

hit the market. But while speed to market is a crucial 

element, applying a structured approach starting at 

an early stage can help de-risk the drug development 

process and avoid costly late-stage failures. 

Priorities during early stage 
Efficacy and safety. During the early stages of a drug 

development programme, time is of the essence, 

notes Torkel Gren, general manager at Recipharm 

Pharmaceutical Development. Establishing proof of 

efficacy and safety is the top priority, and formulation 

development is often left to later stages. Gren finds it 

strange that such an important activity as formulation 

development is often overlooked and started too 

late. “But I see it all the time,” he says. “Of course, 

there is no point starting formulation development 

before we have selected the drug candidate. The 

API has to be manufactured in sufficient quantities 

before formulation development can begin. However, 

to a certain extent, you can start formulation 

development with small quantities of non-GMP 

material. This approach is, no doubt, risky because 

solid-state properties of different batches can vary 

considerably at this stage. Nevertheless, especially 

with simpler formulations, useful information can 

often be collected from work with early batches.” 

The rate of attrition is high during clinical trials 

with only 10% of new drug candidates making 

it to market, according to Rob Harris, chief 

technical officer at Juniper Pharma Services. 

“Therefore, there is a natural reluctance within 

the industry to invest in the development of a 

robust dosage form until there is some confidence 

in the safety and efficacy of the drug.”

Pharmacokinetics. Anil Kane, executive director 

and global head of Technical and Scientific Affairs at 

Patheon, observes that once a molecule has been 

selected as a potential candidate, all efforts tend 

to focus on proving that the drug substance gets 

absorbed in an animal species before a first-in-human 

Phase I study. “Typically, a formulation is prepared 

by simply suspending the drug in a hydroxypropyl 

methylcellulose suspension, with or without a 

surfactant, which is then dosed to an animal so that 

an absorption profile can be established,” he says. “In 

a similar manner, the first dose format prepared for a 

quick Phase I study is usually a neat API in a capsule.” 

Kane cautions that while these methodologies 

or procedures are simple and fast, hence, allowing 

pharmacokinetic assessments and safety studies to 

be performed, the results obtained are not always 

promising. “In many instances, it’s found that the drug 

was not properly suspended, due to hydrophobicity 

and poor wettability. In Phase I clinical programmes, 

the results can show that the API was not absorbed 

sufficiently to obtain the desired plasma levels and 

there was not enough exposure,” he says. Gaining 

speed by deferring formulation development to 

a later stage has, in many instances, not met the 

goals of early development, Kane observes. 

Aaron Goodwin, principal investigator, Internal 

Research and Development, Capsugel, now a Lonza 

company, shares a similar view. He agrees that 

preclinical formulation development is generally 

focused on achieving a desired pharmacokinetic 

Adeline Siew, PhD

The Maze of 
Drug Development— 
De-Risking the Journey 

Applying the right formulation strategies early in the 

drug development process can help avoid costly late-stage failures.

12    Pharmaceutical Technology Europe OCTOBER 2017  PharmTech.com



The Universe of Pre-filled 
Syringes & Injection Devices

The Parenteral Drug Association presents:

2017 PDA Europe Conference, Exhibition

Improving Patient Outcomes with Innovative Drug Delivery

Pre-Conference-Workshops

9-10 November 
Education Program with Training Courses on following topics: Pre-filled Syringes, Container Closure, Aseptic Processing, 
Rapid Microbiological Methods and Drug Delivery Systems. 



Early Drug Development

response in a translatable animal 

model while minimizing formulation 

development time and cost. Goodwin, 

nonetheless, points out that this 

can be challenging for molecules 

with poor bioavailability or a narrow 

therapeutic window given that in 

vitro–in vivo relationships are often not 

straightforward and, therefore, require 

additional time and cost to establish. 

“It’s tough to justify the additional cost 

and timing given the low probability 

of success for a preclinical API 

especially for a new mechanism of 

action,” he says. “However, if not 

addressed adequately, the drug 

product can be at risk of reformulation 

or even fail to demonstrate clinical 

efficacy in late stage when the 

stakes are much higher.”

Giving an example, Goodwin 

explains that adequate exposure at 

an initial dose may be achievable 

in preclinical studies with a 

crystalline or perhaps a micronized 

suspension; and progressing a simple, 

conventional formulation may be 

the quickest way to the clinic. “But 

if the compound properties suggest 

that oral absorption may be solubility 

limited at high doses, and this is 

supported by preclinical in-vivo data, 

advancing a simple, conventional 

formulation may risk not reaching a 

maximally effective exposure,” he 

says. “Advancing an amorphous form 

might take a bit longer to get to the 

clinic, but even if not optimized, it 

would likely circumvent this risk as 

well as reduce exposure variability.”

Kane emphasizes that formulation 

development, based on a systematic 

drug substance characterization 

and material properties, is 

required to avoid such failures 

or loss of time, investment, and 

opportunity in early development. 

Formulation challenges
Solubility. One of the main 

challenges in developing formulations 

for new drugs is the poor solubility 

of many of the compounds emerging 

from drug discovery, notes Harris. 

He estimates that 80% of new drug 

candidates are classified as poorly 

soluble, and points out that oral 

bioavailability will be compromised if 

the drug is not completely dissolved 

in the gastrointestinal tract. 

Karl Werner, senior director, 

Finished Product Development, Midas 

Pharma, concurs that the number 

of Biopharmaceutics Classification 

System class II and IV compounds has 

increased tremendously. “There are 

challenges when trying to formulate 

these drugs into an oral dosage 

form,” he says. “Poor solubility or 

bioavailability will result in incomplete 

or variable absorption, higher impact 

of pH and food on drug absorption, and 

poorly controlled pharmacokinetics.” In 

such cases, it is extremely important to 

develop a formulation that maximizes 

the chance of good exposure even if 

doing so requires additional time and 

cost, Gren stresses. But he also points 

out that in some situations, it is worth 

asking if formulation development is 

really the right solution to a solubility/

bioavailability problem or if modifying 

the molecule may be a better way to 

develop a successful drug product. 

For weakly acidic or basic drugs, 

salt formation is often the preferred 

method for improving solubility 

because it is simple and effective. 

Other methods that have been widely 

used to address solubility issues in 

early development include particle 

size reduction by micronization or 

nanomilling to increase the dissolution 

rate, the use of surfactants or 

cosolvents, and complexation with 

cyclodextrins. But with the solubility 

of new molecules becoming more 

demanding, Harris notes that the 

application of more advanced 

solubilization technologies, such as 

lipid-based and self-emulsifying drug-

delivery systems and amorphous solid 

dispersions, in early development 

is becoming more prominent. 

Polymorphism and stability. 

“Formulation strategies in early-stage 

drug development entirely depend on 

the complexity of the molecule and 

its critical nature and behaviour,” says 

Kane, noting that some molecules 

may exhibit polymorphism, for 

example. “It is, therefore, important to 

understand the different polymorphic 

forms, their stability and properties, 

and potential to convert from one 

form to another,” he explains. “The 

formulation strategy would then be 

based on preventing the conversion of 

the selected polymorph and ensuring 

its stability throughout the clinical 

stability or shelf life of the product.” 

Dose range. Uncertainty over 

the dose range to be administered 

is another complication during early 

development, according to Harris. 

“A formulation strategy suitable for 

a 5–50 mg dose range is unlikely to 

be appropriate for a 100–1000 mg 

dose range and vice versa,” he says. 

“However, there are modelling software 

tools, such as GastroPlus, which can be 

used to predict an appropriate human 

dose based on physicochemical and 

animal pharmacokinetic data for the 

drug substance.” 

Limited amount of API. “Early-

stage drug development is a balance 

between minimizing time to clinic and 

developing a progressable formulation 

that meets pharmacokinetic targets 

while at the same time has minimal 

pharmacokinetic variability,” says 

Goodwin. “This can be remarkably 

difficult when there is limited API 

for development.” In such cases, 

he recommends using API-sparing 

in-vitro tests to assess what types 

of formulations are likely to achieve 

clinical pharmacokinetics targets.

“Only minimal amounts of API are 

necessary to measure the neutral 

crystalline solubility as a function 

of pH, micelle partition coefficient, 

and amorphous solubility along with 

precipitation propensity. These values, 

along with estimates of permeability, 

can be input into simple models such 

as a maximum absorbable dose and 

dose number and dissolution rate 

models to get a basic understanding 

of absorption potential,” Goodwin 

explains. According to him, these 

basic models lack a high degree of 

accuracy, but they are useful for 

identifying the limiting factor for 

absorption and providing an initial 

estimate of an absorption dose 

“During the early stages 
of drug development, 
time is of the essence.”

— Gren, Recipharm

“One of the main 
challenges in developing 
formulations for new 
drugs is poor solubility.”

—Harris, 

Juniper Pharma Services
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Starting early is key to de-risking drug development

The pharmaceutical industry is under tremendous pressure to make drug 

development faster and cheaper. “There is a need for better treatments that show 

real-world efficacy, but the price has to be acceptable to payers and at the same 

time offer good returns to the developing company,” says Will Downie, Catalent’s 

senior vice-president of Global Sales & Marketing. “However, R&D budgets are tight 

and failures are costly.” He further points out that the majority of molecules in the 

pipeline are increasingly complex, thus presenting development challenges. 

“There are a number of pitfalls in drug development that can stall, stop, or 

require you to rework your programme,” observes Julien Meissonnier, vice-

president of Science & Technology at Catalent. “More than 40% of new 

chemical entities in late-stage discovery are insoluble in water (1). Only one in 10 

new molecules in active clinical development are readily bioavailable (2). The rate 

of attrition is high, with many drugs failing between first toxicity study and Phase I, 

and the likelihood of approval for Phase I candidates is 9.6% (3),” he says, 

highlighting the need for early formulation and dose form design. Downie explains 

that applying the right formulation strategy using structured and rigorous science 

can help avoid costly failures and re-starts, but it’s important to start from an early 

stage. The key, according to Meissonnier, is to select an appropriate formulation 

technology and dose form based on the needs of the molecule in development. 

Stephen Tindal, director of Science & Technology & Technical Support for Catalent’s 

OptiForm Solution Suite, United States, notes that the transition from high 

throughput screening (HTS) to traditional formulation development requires a 

significant amount of expertise. “Early on, it is useful to be able to screen thousands 

of samples at very small scale, to narrow down the sample set to the best few. 

Whether that can be done effectively will of course depend on the API sample set 

in question, on the validity/variability of the analytical method, and the screening 

criteria that are applied, and the ability to manage the amount of data generated,” 

he says. “Done well, HTS can deliver a small set of ‘most viable’ samples for further 

evaluation using laboratory techniques at a higher scale, with better validity and less 

variability. Optimistically, it may even be possible to develop software that performs 

in-silico predictions to reduce the laboratory work further.”

Tindal observes that the screening criteria can vary from company to company. 

“At Catalent, during a first meeting with a customer, we see very few molecules for 

which sufficient data has been collected to make an informed decision on which 

formulation development technology to use,” he says. “Most companies pursue 

simpler formulation options, which are often appropriate only for drugs with 

good solubility. This is inconsistent given what we know about the prevalence of 

poorly soluble molecules in development pipelines.” According to Tindal, Catalent’s 

OptiForm Solution Suite platform helps address this issue. “We evaluate the API’s 

challenges and consider the technologies that are needed for improving the API 

profile. We consider salt form, conventional technologies (e.g., powder in capsule), 

and enabling technologies such as amorphous dispersion, lipid-based formulation, 

and micronization in parallel, depending on solubility and other data. This saves time 

and money, and gives a higher chance of success for the estimated 90% of drugs in 

development where solubility is a problem,” he says. 

In July 2017, Catalent announced the expansion of its OptiForm Solution Suite 

platform to include support at an earlier stage of drug development. The expanded 

service includes in silico and formulation screening tools to select the most viable 

candidate; molecule characterization to identify development challenges, parallel 

screening to determine the feasibility of multiple bioavailability-enhancing 

technologies; formulation development for good laboratory practice (GLP) toxicity 

studies; and a dosage form strategy and cGMP materials for Phase I studies (4). 

“To optimize early-stage development of oral doses, it is necessary to select the 

best few viable candidate API forms that have been identified during early R&D,” 

explains Ronak Savla, scientific affairs manager at Catalent. “A comparison of the 

APIs’ properties needs to be undertaken, and those with poor chemistry eliminated, 

before looking to achieve a reasonable level of oral bioavailability in animals to study 

drug metabolism and pharmacokinetic (DMPK) properties,” he says. “Where a drug 

is poorly soluble, there are opportunities to enhance its solubility. It is also necessary 

to characterize available polymorphic forms to select the most stable form. At this 

stage, doses are formulated as liquids rather than finished dose units.” 

Savla observes that early API characterization and solid-state optimization 

is typically undertaken by an API supplier and/or preformulation services 

supplier, and then transitioned to a contract development and manufacturing 

organization for formulation development activities. “But animal dosing of 

poorly soluble APIs poses unique challenges requiring a fast, flexible, and cost-

effective service, so it’s our belief that companies with broad capabilities are 

better placed to do this work,” he says.

Reliance on formulation to solve suboptimal pharmacokinetics of Development 

Classification System (DCS) Class IIb lead compounds—where the main challenge 

is the solubility of molecules—has been shown to increase timelines by 

approximately two years (5). “Instead of pursuing a powder-in-capsule formulation 

for Phase I, screening for other potential options that maximize a molecule’s 

bioavailability and solubility profile should be investigated if delays in later 

development are to be avoided,” Tindal explains. 

Catalent’s OptiForm Solution Suite platform was used to assist in the formulation 

of a drug candidate developed by a London-based pharmaceutical company, Trio 

Medicines. “The compound, TML-001, had undergone initial clinical trials that 

indicated poor bioavailability,” Tindal says. “An acetylated prodrug was developed, 

and screening showed that it falls into the Biopharmaceutics Classification 

System (BCS) class IIa category, where the molecule’s dissolution rate was more of a 

problem than its solubility. Further tests suggested issues with permeability.” 

Catalent presented Trio with four alternative candidate formulations: a 

micronized form, a lipid-based formulation, and two amorphous dispersions 

created by hot-melt extrusion. “The most promising was the micronized API, which 

was simple to manufacture and showed good chemical and physical stability,” 

says Tindal. “The amorphous dispersions were ranked as the riskiest because 

they showed greater degradation, possibly as a result of thermal action during 

processing. In addition to being relatively difficult to process, a crossover study in 

healthy humans showed that the solid dispersions offered no improvement over 

the original formulation, and were, therefore, dismissed. In contrast, the other 

formulations demonstrated enhanced performance, marking a good starting 

point for further trials, which could be further adjusted to offer improvements to 

bioavailability later in development.”

“Catalent’s OptiForm Solution Suite has been designed to help drug developers 

start early and start smart. It provides a fast and efficient path from candidate 

selection to Phase I by selecting the right candidate, presented in the right API form, 

delivered in the right formulation and right dosage form,” Meissonnier sums up. 
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response. “Ultimately, these estimates 

can be used to determine if a drug-

delivery technology is needed to 

achieve the target pharmacokinetic 

profile,” Goodwin says. “And if an 

enabling technology is required, the 

information can indicate whether 

simple particle size reduction would 

work; or if the compound is ionizable, 

whether a high-solubility polymorph 

or salt form is likely to be adequate; 

or whether an amorphous form 

or lipid solution is necessary. This 

type of methodology decreases 

development time and API use by 

reducing the number of prototype 

formulations and in-vivo studies 

to nominate a proof-of-concept 

formulation for first-in-human studies.”

Understanding 
the drug molecule
Before selecting a formulation 

strategy, one needs to have a thorough 

knowledge of the physicochemical 

properties and biological attributes 

of the drug substance, in particular 

its solubility and intestinal 

permeability characteristics, Harris 

explains. Knowing what dose to 

administer is also important, he 

adds, because this information 

allows the formulator to select 

the most appropriate formulation 

strategy for the compound. 

Kane agrees that a systematic 

understanding of the molecule, its 

properties and challenges, and a 

sound, phase-appropriate formulation 

development strategy that addresses 

those challenges is key to success 

in early development. “For example, 

solid dispersions or lipid-based 

formulations can be used to address 

poor bioavailability challenges,” 

he says. “For molecules that are 

unstable, there are various ways of 

stabilizing the molecule through a 

detailed understanding of its forced 

degradation profile, ensuring early- 

and late-stage drug product stability.” 

Drug structure and physiochemical 

properties can also be used to 

assess formulation risks, according 

to Goodwin. “Melting point and glass 

transition temperature are examples 

of two physiochemical properties that 

are very informative for advanced 

drug-delivery technologies and easily 

measured with small amounts of API,” 

he says. “For example, an API with 

a low glass transition temperature 

would suggest that it may be difficult to 

achieve a stable amorphous form with 

high API loading in the drug product. 

A high melting point would suggest 

that it will likely be challenging to have 

a practical solubility in a lipid vehicle 

unless the dose is quite low. Although 

these are just a few examples, these 

physiochemical properties provide the 

basis for a preclinical risk assessment 

when evaluating enabling technologies 

for in-vivo performance, drug product 

stability, and manufacturability.”

Manufacturability 
Another objective of early-stage 

development is to ensure the 

formulation and process developed 

in Phase I can be transitioned into 

a scalable, manufacturable process 

in late-stage development, Kane 

points out. “The objective of late-

stage development is to scale up 

the early-stage clinical formulation 

and process to a larger-scale 

product that can be commercialized, 

while ensuring and establishing 

its shelf life to be commercially 

viable. Keeping an eye on and 

envisioning a larger-scale process 

early on will help address challenges 

early in development. Designing 

robust processes with a thorough 

understanding of critical processing 

parameters that impact drug quality 

and defining the control strategies 

at a reasonable scale will ensure a 

robust manufacturing platform in 

late-stage development,” he says. 

Werner stresses that the risk 

of failure of a molecule is not only 

related to its pharmacological 

and pharmacokinetic properties 

or its toxicity, but also to its 

manufacturability. With reference to 

Midas Pharma’s systematic screening 

process for “difficult to formulate” 

drugs, he recommends including 

such technical considerations at an 

early development stage. He cites a 

project where solubility enhancement 

was achieved for a molecule, but 

pilot bioequivalence testing failed 

because it was found that higher 

scale production significantly changed 

the physicochemical behaviour of 

the formulation. “This resulted in a 

substantial increase in development 

costs and an extended timeline, 

which likely could have been 

avoided by an earlier testing of the 

robustness of the formulation in 

terms of its scalability,” he says. 

Keeping in mind the required 

commercial viability streamlines the 

development of new drug products 

and significantly decreases the risk 

of failure at later stages, according to 

Werner. In another example involving 

a highly potent and poorly soluble 

compound, he explains how applying 

the right methodology can help avoid 

scale-up issues. “The bioavailability 

of the compound had to be improved 

and at the same time, become less 

variable with regard to food effects,” 

he says. “Several technologies were 

applied, including size-reduction 

(nanozation), spray-drying, and hot-

melt extrusion. The nanoparticles 

agglomerated, and the first animal trial 

displayed highly variable adsorption 

rates. Application of amorphous 

suspensions, either prepared by 

solvent-based method (spray drying) or 

temperature-based method (hot-melt 

extrusion), showed more promising 

results. However, manufacturing trials 

revealed that the yield of the spray-

drying process was substantially 

lower and the use of an uncommon 

organic solvent was required, which 

negatively affected the intended 

commercial viability. Hot-melt 

extrusion, on the other hand, not only 

enabled the desired positive effects on 

bioavailability and variability, but also 

helped to avoid the dust formation 

typical for a spray-drying process (dust 

formation is undesirable for highly 

potent drugs).” Hot-melt extrusion 

proved to be superior in this case.

Drug structure and 
physiochemical properties

“Poor solubility or 
bioavailability will result 
in poorly controlled 
pharmacokinetics.”

—Werner, Midas Pharma

“Drug structure and 
physiochemical properties 
can be used to assess 
formulation risks.”

—Goodwin, Capsugel
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The right approach 
Early-stage formulation strategies 

should not only focus on developing a 

dosage form that can be manufactured 

using simple and cost-effective 

processes but also one that offers a 

high probability of clinical success. “A 

sound formulation strategy is one that 

is ‘phase-appropriate’ and not over-

engineered to a large commercial-scale 

in early development,” says Kane. “When 

developing a new drug, the chemistry, 

manufacturing, and control (CMC) 

strategy should involve a systematic 

drug substance characterization upfront 

to understand the molecule, its material 

properties, physical and chemical 

stability issues, and addressing these 

early in a phase-appropriate formulation 

development strategy.” Kane explains 

that this approach ensures a significant 

advantage by not needing to go back and 

address one or more challenges as they 

appear in the development process. 

According to Goodwin, efficient 

drug product development can 

be accomplished using a risk-

based approach to formulation 

design based on fundamental- and 

mechanistic-based models. The 

identification of high-risk areas 

provides a basis for initial formulation 

selection and optimization. Harris 

also stresses that risk mitigation 

is crucial throughout the whole 

drug development process. “For 

early stages, it is vitally important 

to understand as much as possible 

about the attributes and behaviour 

of the drug substance. This allows 

for selection of a formulation 

strategy that gives the compound 

the best chance of success in 

clinical trials,” Harris says. 

One future prospect that is already 

showing potential in dramatically 

reducing the amount of API and 

time necessary for drug product 

development is machine learning, 

Goodwin observes. “If trained on a 

wide diversity of data, these types 

of algorithms have the potential to 

predict drug-delivery technologies 

and processes that have the highest 

probability of successfully delivering 

an API—all based on a few simple 

API-sparing in-vitro measurements 

and calculated properties of the 

molecule,” he says. “In the past 

decade, this approach has gained 

a lot of recognition for predicting 

absorption, distribution, metabolism, 

elimination, toxicity attributes 

such as permeability, transporter 

and metabolism substrates, and 

estimates for clearance and 

volume of distribution.” Goodwin 

believes this methodology has 

huge potential in advancing drug 

development because of the high 

degree of prediction accuracy. PTE

“A sound formulation 
strategy is one that is 
phase-appropriate and 
not over-engineered to a 
large commercial-scale 
in early development.”

—Kane, Patheon
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The global market for highly potent APIs (HPAPIs) 

is growing at a healthy rate. According to market 

research firm Markets and Markets, demand for 

HPAPIs will expand at a compound annual growth rate 

of 8.5% from $16.02 billion in 2016 to $24.09 billion 

in 2021 (1). Rapid growth in the markets for oncology 

treatments (including generics) and antibody-drug 

conjugates is driving this expansion. 

The manufacture of HPAPIs requires specialized 

facilities, equipment, and skills to ensure the safety 

of operators and the environment. As such, the bulk 

of HPAPIs are produced by contract development 

and manufacturing organizations (CDMOs) with these 

specialized capabilities. One of the challenges for 

CDMOs when accepting new projects, particularly those 

involving new chemical entities (NCEs), is identifying 

the level of potency, or biological activity, in order to 

establish appropriate safety and handling procedures.

Two parts to an assessment
There are two parts to an assessment of an NCE with 

respect to potency or biological activity. The first 

part, according to Simon Edwards, vice-president 

of sales and business development at Cambrex, is a 

risk assessment that produces an exposure “limit” 

or an exposure “range” (i.e., occupational exposure 

limit [OEL] or occupational exposure band [OEB], 

respectively). The limit or range is in units of mass per 

volume air (micrograms per cubic meter, mg/m3). The 

second part of the assessment is risk management, 

which involves establishing actions or preventive 

steps to keep exposures below the limit or range 

determined by the risk assessment. This work is 

undertaken through a collaborative effort between 

toxicology, safety, and engineering departments.

Standardized approach,
but no standard system
This general approach to risk assessment is reasonably 

well-standardized, but the way the results are 

displayed varies; the application of uncertainty factors 

differs depending on the individual risk assessor. 

The standard approach, according to Cambrex, 

is incorporated into the International Council for 

Harmonization (ICH) guidance on impurity assessment 

(2), which is used by the American Conference of 

Governmental Industrial Hygienists (ACGIH) in a manner 

similar to the way the US Food and Drug Administration 

(FDA) and the European Food Safety Authority (EFSA) 

conduct food ingredient risk assessments and the 

US Environmental  Protection Agency undertakes 

environmental risk assessments.

There is no standard system, however, because 

there are no regulatory compliance requirements 

for occupational exposure limits. “Having discussed 

this in depth with expert consultants, we feel that it 

is very unlikely that there will ever be a collaborative 

effort to establish a common system unless a 

regulatory mandate is introduced,” says Edwards. 

This lack of a standard classification system is 

not a hindrance for CDMOs, however, according to 

Ramesh Subramanian, vice-president of strategic 

marketing with Piramal Pharma Solutions. “The 

actual nomenclature is not as relevant as the OELs 

themselves. So despite using various classifications, 

the industry is able to move forward with minimal 

issues, as the OELs provide the clarity that is needed 

to establish containment solutions,” he observes. 

Experience required
Because there are many possible pharmacophores 

and toxicity endpoints, Edwards stresses that risk 

assessment/risk management of NCEs takes a 

great deal of experience and chemical intuition. 

“Managing the potential exposure in manufacturing 

is not prescriptive either, as it is facility- and 

equipment-specific, and requires experienced 

engineers and safety people to implement 

correctly in order to protect employees, the facility, 

CDMOs have established strategies for handling 

new chemical entities with unknown biological activity.

Managing Potentially 
Potent APIs

Cynthia A. Challener is 

a contributing editor to 

Pharmaceutical Technology 

Europe.

The manufacture of HPAPIs requires 
specialized facilities, equipment, 
and skills to ensure the safety of 
operators and the environment.
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and the surrounding environment,” 

he states.

The key, according to Vivek 

Sharma, CEO of Piramal Pharma 

Solutions, is having an established 

potent compound category 

policy that defines the level of 

containment required depending 

on OELs or other toxicity data 

(e.g., LD50) and having predefined 

default criteria for containment 

in the absence of such data. 

“Quality CDMOs tend to default 

to a higher OEL when in doubt to 

ensure operator and staff safety,” 

he says. “Achieving a strong track 

record of safe HPAPI manufacturing 

also requires an understanding of 

the systems that are required to 

minimize the risks associated with 

potent compounds.” Sharma notes 

that proper facility design and 

engineering, including the heating, 

ventilation, and air-conditioning 

(HVAC) system, barrier isolation, 

and gowning/degowning areas are 

key considerations. “Appropriate 

facilities, engineering controls, 

and safety protocols are, in fact, 

increasingly imperative as newer 

HPAPIs under development have 

ever declining OELs,” he comments.

Ensuring the right 
level of safety
During early development stages, 

many drug sponsor companies do 

not have the toxicity data needed 

to ensure that their compounds are 

handled safely. The challenge for 

CDMOs then becomes ensuring that 

the right level of safety measures 

is implemented and followed when 

handling the molecule and the 

associated chemistry, according 

to Vince Ammoscato, site head—

Riverview at Piramal Pharma 

Solutions. In the absence of any 

data, many companies default to 

a potent designation Category 3 

(10μg/m3 – 1μg/m3), he adds. 

“The responsibility for 

containment rests with the CDMO 

since they are responsible for 

the safety of their employees. 

Having environmental, health, and 

safety (EHS) best practices with 

an excellent chemical hygiene 

programme, which includes a potent 

compound handling policy that has 

been vetted through testing of the 

engineering controls and procedures, 

is paramount to ensuring NCEs are 

handled safely regardless of whether 

the potency levels have been 

established,” Ammoscato asserts.

There is the additional challenge, 

however, of the tendency by 

chemists and operators to make 

“dread”-based decisions on handling 

and how to respond to incidents, 

according to Edwards. “This type of 

response is really not necessary if 

the appropriate risk assessment is 

performed,” he notes.

Managing NCEs
The most common strategy when 

a CDMO is presented with a project 

involving an NCE, according to 

Edwards, is to initially ask the drug 

sponsor for available data, as this 

information should be available 

because the results—probably in 

vitro—have led them to move forward 

in the development of a NCE. 

“In instances where the OEL of 

the molecule is unknown, there is 

no one common strategy for NCEs, 

but most CDMOs use some form 

of standard operation procedure,” 

Edwards says. “For either an NCE or 

synthetic intermediate, qualitative, 

or quantitative structure activity- and 

reactivity assessment-related data 

coupled with read-across and in-vitro 

data are used at Cambrex. These 

data are all important and come 

from many sources. The amount of 

data available depends on novelty 

of the pharmacophore,” he explains. 

Cambrex also calculates an OEL even 

when the sponsor has provided one.

Ramesh from Piramal adds that 

firms may use substructure- or 

chemotype-based OEL estimations 

that include consideration of the 

therapeutic class for guidance. “One 

approach involves comparison of the 

API’s properties to those of similar 

substances with known toxicities 

and assumption of a similar level of 

risk,” he notes. Some CDMOs have 

in-house categorization systems 

for determining the required safety 

measures. 

“Regardless of the method, if 

there is any uncertainty, it is best 

to assume a compound is potent, 

despite the potential higher costs 

incurred,” Ammoscato states. 

“Frequent communication between 

the sponsor and the CDMO is then 

essential to ensure that necessary 

data can be generated and an 

appropriate decision on the potency 

of the compound be reached as 

early as possible,” he adds. The 

CDMO should also be prepared to 

respond as needed if additional 

toxicity data are developed 

indicating that reclassification 

is warranted. Furthermore, 

CDMOs should perform additional 

risk assessments as an HPAPI 

project moves through different 

stages of development and 

commercialization to ensure 

the implementation of optimal 

procedures and practices that 

both protect operators and the 

environment but are also practical 

and cost effective, according to 

Ammoscato.
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The general approach 
to risk assessment 
is reasonably well-
standardized, but the 
way the results are 
displayed varies greatly 
because the application 
of uncertainty factors 
differs depending on the 
individual risk assessor.

During early development 
stages, many drug 
sponsor companies do 
not have the toxicity 
data needed to ensure 
that their compounds are 
handled safely.

Pharmaceutical Technology Europe OCTOBER 2017    19



Jo
s
e

 A
n

g
e

l 
A

s
to

r 
R

o
c
h

a
/s

h
u

tt
e

rs
to

c
k
.c

o
m

Increased competition among leading brands of injectable drugs, 

in particular, complex biologics, are driving the need for innovative 

delivery options and other advantages that can support product 

differentiation. Such a difference in drug-delivery systems can 

also act as a valuable lifecycle management strategy, helping bio/

pharmaceutical companies succeed in an increasingly competitive 

environment. While vials remain the established and proven drug-

delivery system and continue to dominate the market, prefilled 

syringes are on the rise. In fact, it is estimated that the market for 

prefilled syringes will double in size within the next decade (1).

The prefilled syringe market is driven by the rapid growth in innovative 

and targeted molecular entities such as monoclonal antibodies (mAbs), 

interferons, peptides, vaccines, and ophthalmics, for which prefilled 

syringes are a suitable drug-delivery system. Additionally, the rising 

levels of chronic diseases and cancers have led to a significant increase 

in the use of injectable drugs. Adding to these key drivers is the 

substantial growth in biosimilars, which are estimated to reach 

US$55 billion in global sales by 2020, versus US$20 billion in 2015 (2).

Exploring the advantages of prefilled syringes
The global prefilled syringe market is also growing due to the need for 

a greater degree of safety and ease of administration for patients and 

healthcare workers. Prefilled syringes are easy to use and only have 

a few administrative steps, which can improve safety by reducing 

the potential for contamination, needle stick injuries, and dosing 

errors. These attributes can also improve patient compliance and 

dose consistency. The wider adoption of integrated prefilled syringes 

featuring advanced innovative, single-unit dose delivery systems 

such as autoinjectors results in less waste of valuable API, lower 

risk of dosing errors, and lower risk of misuse of leftover product. 

Prefilled syringes can also attract higher drug reimbursement from 

payers and increase the value of a product early in its lifecycle by 

providing a competitive edge. Finally, prefilled syringes can increase 

the attractiveness of a product to out-licensing partners and improve 

clinical trial validity and appeal. 

Kevin J. Wrigley is 

product and service 

manager, Vetter Pharma 

International GmbH.

Sensitive biologics require 
the right delivery system
Complex biological-based 

compounds such as mAbs require 

special consideration during 

formulation for a prefilled syringe 

presentation. For example, 

compatibility is often a hurdle due to 

the number of additional components 

in a prefilled system, such as 

stoppers or closure systems, and the 

need to maintain the functionality as 

well as the shelf life of the product. 

Tungsten, silicone oil, and adhesives 

used to secure the needle in the 

glass barrel can potentially react with 

sensitive drug products and result in 

unexpected impurities.

When choosing the right drug-

delivery system, specific product 

characteristics must also be taken 

into account. These include:

• Is the product liquid or lyophilized?

• What are the therapy 

requirements?

• Is the therapy self-administered?

• What is the duration of therapy? 

• What is the nature of the market 

(i.e., product lifecycle, cost, 

competition, etc.)?

The choice between 
presterilized or bulk platform 
Particularly for sensitive biologics 

or complex compounds with high 

product specifications, choosing the 

right syringe platform technology is 

of great importance. There are two 

prefilled syringe platforms available 

in the market: presterilized and bulk 

syringes. Knowing which one is 

the right choice for a compound is 

usually determined by the specific 

characteristics of the compound itself.

Presterilized syringes are tub-

based, ready-to-use systems and 

are ideal for a broad range of drug 

products. The washing, siliconization, 

nesting, and sterilization take place 

at the supplier for the primary 

packaging while filling occurs at the 

filling site (see Figure 1).

The global prefilled 
syringe market is also 
growing due to the need 
for a greater degree 
of safety and ease of 
administration for patients 
and healthcare workers.
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A Closer Look at 
Prefilled Syringes

Choosing between presterilized and bulk sterilized prefilled syringes.
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Prefilled Syringes

When working with sensitive 

biologics, customization is 

often desired. Bulk syringes are, 

therefore, a good option for complex 

compounds such as mAbs, peptides, 

interferons, vaccines, or opthalmics. 

As opposed to presterilized syringes, 

the pre-treatment steps of washing, 

siliconization, and sterilization take 

place at the filling site in a fully 

integrated, customizable inline-

process (see Figure 2). This setup 

results in maximum control of 

the process and flexible primary 

packaging material combinations.

The tighter specifications of 

the bulk process also help reduce 

particle levels. Silicone levels 

can be adjusted to meet product 

requirements and different methods 

of sterilization can be offered. The 

flexibility also increases dosing 

and fill-volume accuracy for small 

volumes. A full range of readily 

available bulk syringe formats allow 

for numerous customizable options. 

A case study of dealing 
with a complex compound 
The following case study is an 

example of how the many challenges 

of sensitive biologics can be 

overcome and incorporated into a 

development programme utilizing 

prefilled syringes. Recently, a contract 

development and manufacturing 

organization (CDMO) was approached 

to support a bio/pharmaceutical 

company in developing a specific 

filling process for a complex mAb 

compound in a bulk syringe. The main 

project requirements were:

• Very low filling volume as the 

product is injected directly into 

the eye

• High requirements from 

regulatory authorities to reduce 

the silicone level to a minimum

• Requirement for a gas-tight 

system to enable an external 

sterilization process of the 

filled syringe.

The compound presented several 

challenges in achieving these 

requirements. To reduce the silicone 

levels of the glass barrels and 

stoppers, the CDMO employed a 

static siliconization and customized 

a bulk, baked-in siliconization 

process. Static siliconization offers 

a high amount of precision with 

the ability to adjust silicone levels. 

During the siliconization process, 

there is no contact between the 

silicone nozzle and the glass barrel, 

which is an important criteria for 

some specific indication areas such 

as ophthalmic medications. Baked-in 

siliconization is the process of 

the siliconized syringe undergoing 

dry heat sterilization. Due to the 

high temperature, the silicone oil 

is baked into the syringe, thereby 

minimizing the risk of loose silicone 

oil droplets coming into contact 

with the drug substance. In addition, 

non-siliconized equipment was used 

so that the lowest possible amount 

of silicone oil was used in the 

process for the siliconization of the 

packaging materials.

Because the requested product is 

of high value and concentration, it 

was necessary to evaluate the liquid 

pathway to minimize line losses. 

Thus, ideal positions for the filling 

components, such as the fill tank or 

the filter, were defined. To minimize 

particle levels in the filling process, 

it was also important to check the 

Figure 1: Example of a presterilized syringe filling process.

Figure 2: Example of a bulk syringe filling process.
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There are two prefilled 
syringe platforms 
available in the market: 
presterilized and bulk 
syringes. Knowing which 
one is the right choice 
for a compound is usually 
determined by the 
specific characteristics 
of the compound itself.
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support system. Tighter specifications on particle levels 

for Tyvek bags used for stoppers and other equipment 

were defined. In addition, abrasion was minimized in 

the stoppering and static washing processes of the 

glass barrels.

Achieving outside sterility for use in an operation theatre 

was overcome through the use of a syringe with a tamper-

evident closure system (e.g., V-OVS from Vetter) with 

reduced gas permeability and higher system tightness, 

avoiding reaction between the product and the ethylene 

oxide (ETO) gas during outside sterilization. Finally, the gas-

tight rubber components in the closure part made an outer 

sterilization of the syringe with ETO possible. 

During the assembly process, specifications were 

developed for precise backstop placement with 100% 

camera control, which avoided incorrect movement of 

the stopper in the non-sterile area during sterilization. 

Also, intensive investigation around reproducibility of the 

stopper position, in-process control (IPC) of filled syringes 

instead of empty syringes, and 100% camera control at the 

customer helped to overcome this challenge. 

In this particular case, the specific and highly complex 

compound required a high degree of flexibility and 

customization, such as a minimum level of silicone 

in combination with baked-in siliconization. Thus, its 

requirements were fulfilled by using the bulk process. 

Bulk and prefilled syringes 
offer innovation and value
Prefilled syringes platforms—both presterilized and bulk—

offer innovative delivery options and value in sensitive 

biologics drug development programmes. They also have 

distinct advantages in helping support product differentiation 

and lifecycle management strategies. The nature of the 

compound will often drive the choice, but knowing how the 

two platforms differ will be essential in choosing the right 

syringe system for the individual drug product. 
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Complex biological-based compounds 
require special consideration 
during formulation for a prefilled 
syringe presentation.

Tungsten, silicone oil, and adhesives 
used to secure the needle in the 
glass barrel can potentially react 
with sensitive drug products and 
result in unexpected impurities.
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Oral-solid dosage (OSD) drugs can be formulated in tablet or 

capsule form. Some drugs are available only as capsules or 

tablets, and some are available as both. Various types of capsules, 

with shells made of different materials, are available. When 

choosing a capsule type, formulators should consider factors 

such as the shell’s barrier to water and oxygen, reactivity, and the 

material it is made of.

Selecting a capsule type
The most widely used capsules can be classified as shown in 

Figure 1 and discussed in the following sections. Dry-filled 

capsules include mainly hard gelatin and hard hydroxypropyl 

methylcellulose or hypromellose (HPMC) capsules. Liquid-filled 

capsules include hard capsules (gelatin or HPMC) and softgel 

gelatin capsules.

Hard gelatin capsules. The gelatin used in the manufacture 

of most common capsules is obtained from collagenous material 

by hydrolysis. Gelatin is a natural, safe, non-allergenic, clean, 

and economical ingredient. The two-piece hard gelatin capsule is 

available in a range of sizes; from largest to smallest, these sizes are 

000, 00el, 00, 0xel, 0el+, 0el, 0, 1el, 1, 2, 3, 4, 5. 

The larges size (000) is mainly used in veterinary practice. Fill 

weights increase with the size of the capsule as well as with the bulk 

density of the filled material, which can range from 0.3–1.5 g/cc. Fill 

weights in the smallest capsules might be 39 mg, for example; the 

largest may weigh 1425 mg.

The shell of hard gelatin capsules contain 13–16% water. Storage 

of hard-gelatin capsules at very low humidity can cause them to turn 

brittle. Gelatin capsules do not protect hygroscopic materials from 

atmospheric water vapour because moisture can diffuse through the 

gelatin wall. If stored at high humidity, the capsules become flaccid. 

In such cases, primary packaging material such as aluminum strip 

packing, moisture barrier blister foil (e.g., Aclar), or bottle packs 

should be used. 

Milind K. Biyani, PhD, 

is R&D consultant at 

Aspire Advisors Pvt. Ltd., 

A-101, Mahavir Darshan, 

Charkop-2, Mumbai-400067, 

India, drmilind@aspire-

advisors.net.

Choosing Capsules: 
A Primer

Capsules offer certain benefits over tablets for oral-solid 

dosage drugs, and several types of capsules are available.

HPMC capsules. HPMC capsules 

are stable at low humidity levels, 

have low moisture content (3–8%), 

and low static charge. These natural 

capsules are available from size 00 

to 4. HPMC capsules are suitable 

for highly reactive molecules 

(because they have no cross-

linking reactions). Compared to 

hard gelatin, HPMC is more suitable 

for moisture-sensitive products, 

hygroscopic products, and for low 

relative-humidity applications. HPMC 

is not of animal origin and does 

not pose a risk of contamination 

with organisms that cause bovine 

spongiform encephalopathy (BSE) 

or transmissible spongiform 

encephalopathy (TSE). HPMC 

capsules are used in a wide range 

of OSD pharmaceuticals as well as 

nutraceuticals, dietary supplements, 

and herbal products, due to the 

vegetarian nature of HPMC. 

Fish gelatin capsules. 

Marinecaps are made from fish 

gelatin and do not pose risk of BSE 

or TSE. They are preferred for filling 

marine supplements such as EPA 

[eicosapentaenoic acid]-rich fish oil.

Starch capsules. Starch 

capsules are made from potato 

starch. Their dissolution is pH 

independent, and they are suitable 

for enteric coating. The moisture 

content of starch capsules ranges 

between 12–14% w/w, with more 

than 30% being tightly bound (1). 

Pullulan capsules. These 

vegetarian capsules are made from 

tapioca, which is naturally fermented 

into pullulan. They provide a high 

barrier to oxygen.

Polyvinl acetate (PVA) capsules. 

Capsules made from PVA can be 

used for filling insoluble drugs 

dissolved in polyethylene glycol 

(PEG) 400. PEG 400 when used as 

single vehicle is not compatible with 

other hard capsules. The oxygen 

permeability of PVA is low, resulting 

in a high barrier to oxygen.

Liquid-filled hard capsules 

(LFHC). Two-piece hard capsules 

made of either gelatin or HPMC 

can be used for filling and band 

sealing non-aqueous liquid, paste, 

suspension, hot melts, and other 

vehicles that melt up to 70 °C 

and flow easily. LFHC can also be 

filled with tablets, pellets, or other 
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Solid-Dosage Drugs

capsules as combination fill. LFHC can be used for 

moisture-sensitive drugs. These can be a cost-effective 

alternative to some soft gelatin capsule products and 

can also enhance bioavailability and improve product 

stability. Liquid encapsulation technology helps 

overcome many problems associated with the use 

of softgel capsules including high cost, waste, cross-

contamination, migration of the drug into the capsule 

shell, and issues with low bioavailability. Liquid-filled 

and semi-solid capsules by their nature are resistant to 

crushing and powdering and therefore provide a good 

basis for developing an abuse-resistant formulation. 

These capsules can also be enteric coated. HPMC hard 

capsules do not become brittle when they lose water (2).

Soft gelatin capsules (SGC). SGC have soft, globular, 

gelatin shells somewhat thicker than that of hard gelatin 

capsules. The gelation is plasticized by the addition 

of glycerin, sorbitol, or a similar polyol. It may contain 

preservative to prevent the fungal growth. Large-scale 

production methods are generally required for the 

preparation of SGC.

Benefits of capsules as a dosage form
Consumer preference. The growing interest in capsules 

as a formulation is consumer driven. Consumers 

prefer capsules because they are tasteless, odorless, 

and easier to swallow. Capsules are also considered 

to work faster and better. In a study conducted by 

Burke Marketing Research, 1000 patients were asked 

about the form of drug administration they preferred, 

and more than half (54%) chose capsules (3). Another 

study, conducted with several hundred patients in two 

hospitals in Copenhagen and published in 2001, found 

that 66% preferred capsules (3). This preference has 

prompted pharmaceutical manufacturers to market 

products in capsule form even if the product already has 

been produced in tablet form. 

Rapid dissolution. Most filled capsules disintegrate 

in 5–10 minutes. Some of the immediate release tablets 

may have much lower disintegration time. Once a 

capsule disintegrates, however, dissolution may be 

faster and dissolution levels achieved may be similar 

to tablets at 15 minutes. HPMC capsule shells can lead 

to rapid dissolution. However, these differences will 

not necessarily produce considerable alterations in the 

pharmacokinetic profiles of the drug product because the 

f2 value used to determine dissolution differences is often 

too discriminating, particularly when the dissolution is 

very fast relative to permeation and/or absorption is very 

fast relative to disposition (4). 

Formulation development. Capsules are easier and 

faster to develop and manufacture in comparison to other 

OSD forms because the capsule manufacturing process 

involves fewer steps and a lower number and quantity 

of excipients. For example, as per studies conducted 

by Aspire Advisors, Acetazolamide 250 mg tablet 

weight is 516 mg but Acetazolamide ER 250 mg capsule 

fill weight is only 328 mg. Some coarse, free-flowing, 

Biopharmaceutical Classification System Class I drugs can 

be filled directly into capsules. Capsules can also be used 

for poorly compressible drugs.

Capsules provide relatively better stability than other 

OSD forms. Encapsulation does not create high heat 

and pressure, thus heat-sensitive drugs can be more 

readily formulated as capsules. Capsule walls can be 

made opaque, providing protection for light-sensitive 

compounds. Sealed hard gelatin caps can be good 

oxygen barriers. As capsules generally require fewer 

excipients, drugs that are sensitive to or highly reactive 

Figure 1: Classification of major capsule types.
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Solid-Dosage Drugs

with other chemicals may be more 

readily formulated as capsules.

Further, due to fewer processing 

steps, capsules can minimize 

human exposure to potent drugs. 

Capsules reduce airborne dust 

levels, lowering the risk of cross-

contamination and offer improved 

content uniformity particularly at 

low dosage levels and for potent 

drugs. Overall, they reduce the 

capital requirements for dedicated 

facilities, air-handling, and process 

equipment. 

Formulation flexibility. 

Encapsulation technology has made 

progress in recent years. For example, 

soft gelatin capsules and LFHC are 

increasingly being used for filling and/or 

sealing (band sealing in case of LFHC) of 

liquid and pastes. Furthermore, a single 

capsule can now encapsulate not only 

powders or granules, but also one or 

more ingredients that are in liquid, 

pellet, tablet, or another capsule form. 

Incompatible ingredients can thus be 

combined into a single capsule, which 

helps to develop combination products. 

Enteric coating of hard capsules or 

use of enteric hard capsules further 

expands the scope of capsules 

usage (5). In addition, capsules can 

be used for active ingredients that 

need modified release. Modified-

release capsules can now be 

developed that disperse freely in the 

gastrointestinal tract, providing more 

uniform distribution of drug into 

the bloodstream. These capsules 

help to maximize absorption and 

minimize side effects. They also 

reduce inter- and intra-patient 

Is Your Tablet Hard to Swallow? Guidance Addresses Drug Tablet Design

Patients prefer tablet dosage forms because they look familiar, and tablets 

are usually coated, making them easy to recognize and simple to take. The 

disconcerting news, however, is that in a survey of adults in the United States, 

four in 10 reported difficulty in swallowing tablets, negatively affecting 

patient compliance. Of those 40% with difficulties, 14% delayed taking a 

dose, 8% skipped a dose, and 4% discontinued the medication altogether (1). 

Data like these have not escaped the attention of major regulatory agencies, 

including the US Food and Drug Administration (FDA) and the European 

Medicines Agency (EMA). 

Within the past three years, FDA issued two separate guidance documents 

that encourage drug formulators to design drug products with patient 

compliance and the reduction of medication errors in mind (2, 3). Commonly 

referred to in the US as “safety by design” (SbD), the concepts outlined by 

FDA reference tablets that should be of an appropriate size, shape, and 

coating to enhance swallowability and palatability of the drug.

In a guidance document, FDA noted that “coating can potentially affect 

the ease of swallowing tablets or capsules. The lack of a film coating can 

decrease or prevent tablet mobility compared with a coated tablet of the 

same size and shape” (2). Logic dictates that if a dosage has the potential 

to be a choking hazard, then coating should be considered to aid the 

patient’s ability to swallow and avoid the risk of the patient not taking their 

medication. This guidance from FDA was applicable to all new drug 

applications (NDAs) as well as abbreviated new drug applications (ANDA) 

and over-the-counter monograph drugs.

FDA suggested that generic-drug manufacturers should also ensure 

that the design of a generic version should not hinder patient compliance. 

Manufacturers should “consider the size, coating, and palatability of oral 

products. A drug product can become a choking hazard due to the size of the 

tablet or capsule. If the tablet or capsule coating is too sticky, it can become 

lodged in the patient’s throat or gastrointestinal tract” (3). The guidance 

also recommends more attention to dosage shape and size, encouraging 

manufacturers to reduce cross-sectional areas of larger tablets to improve 

swallowing. The guidance concludes that “tablet coating, weight, surface 

area, disintegration time, palatability, and propensity for swelling should 

also be considered when designing oral products to avoid medication errors 

related to swallowability and patient compliance” (3).

Patient safety concerns are also being addressed by European 

regulators. In November 2015, EMA issued a comprehensive guide on 

minimizing risk for patients, which lists concerns for elderly patients who 

“may face physical and cognitive impairment, and hence, they may have 

difficulties in taking their medicines (e.g., swallowing tablets, opening 

packaging, or reading their user instruction and package leaflet). The 

pharmaceutical development of medicines for use by older patients should 

take such aspects into consideration” (4). 

Focus on the elderly population continues to be addressed with a 

reflection paper issued by EMA in 2017 on pharmaceutical development 

of medicines for use in the older population, especially to address tablet 

mobility (5). This paper discusses the particular problems that elderly 

populations face and cites that “elderly patients are more likely to experience 

conditions which lead to impaired swallowing, such as stroke or Parkinson’s 

disease. This can lead to accidental under dosing, which can be managed 

appropriately by the development and use of formulations which are easier 

for such patients to swallow” (5).

Tablets are now being presented as specialized dosage forms: medicines 

that deliver complex treatments including drug combinations, layered 

tablets, and modified release forms, for which it is even more important that 

the patient follows an exact dosing regimen. However, many of these newer 

dosage forms are presented as larger tablets, which reduces the frequency 

of dosing but may present issues with swallowing and tablet mobility. The 

importance of good tablet design to address patient acceptability and 

compliance is paramount, and addressing this need will help to satisfy 

regulatory concerns also. The fact that regulators and industry are now ac-

tively addressing this topic is good news for patients and caregivers.
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variability. Calcifediol and oxycodone extended release 

(ER) capsules are two examples of ER capsules approved 

in 2016 as new drug applications. 

Dissolving the active ingredient in a mixture of liquids, 

semi-solids, or hot-melts can result in better solubility 

and higher absorption. For example, isotretinoin 

solubilized in sorbitanmonooleate, soybean oil, and 

stearoylpolyoxylglycerides filled in hard capsules (marketed as 

Absorica in the United States) gave higher absorption in fasted 

state than the original softgel product Roccutane/Accutane 

(6). Those drugs that cannot be solubilized in this manner may 

be formulated as a self-emulsifying drug delivery system.

Capsules are also useful for clinical trials. Specialized 

capsules for clinical trials are unique two-piece gelatin 

capsules that are specially designed to carry out double-

blind studies during clinical trials. After closure (locking), 

the elongated cap closes tightly on the body. Once locked, 

only the dome of the body is visible, making it almost 

impossible to open the capsule. 

Capsules can be developed faster than tablets for new 

chemical entities. Because Phase I and II clinical trials are 

mostly carried out using capsules, additional bioequivalence/

bioavailability studies are needed when converting from 

capsules to tablets. Moving a product to market one year 

faster can give one year more effective patent life. Similarly, 

other types of innovations and FDA applications, such as 

abbreviated new drug applications, can be marketed faster.

Anticounterfeiting. Capsule manufacturing 

companies have developed a unique technology that 

enables capsules to be printed in multiple colours, which 

creates brand differentiation and serves as an effective 

anticounterfeit measure. Further, it is now possible to 

imprint brand logo, brand name, and graphics on the 

capsule, providing further brand identity (7).

Conclusion
In summary, capsules are an attractive OSD form that 

enjoys patient preference, improved pharmacokinetic 

profile, faster development, and formulation flexibility. 

In addition, capsule formulations offer brand 

recognition in a crowded pharmaceutical market. 

Switching to capsules from other OSD forms also gives 

manufacturers an excellent opportunity to get out of the 

competitive environment of generics while still enjoying 

a development process that eliminates most preclinical 

studies as well as extensive safety and efficacy tests. 
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Scale-up (and down) modelling of bioreactors is a valuable tool 

to support process characterization and improvement in a 

predictable, timely, and cost-effective manner. The emergence of a 

variety of geometrically dissimilar single-use bioreactor platforms 

provides users with both challenges and opportunities as they 

look to incorporate this technology across the range of scale from 

bench-top through production. In the ideal case, geometrically-

scaled, single-use models of existing production equipment would be 

available to provide accelerated process development over a range of 

organisms, media formulations, and operating conditions. More often, 

one is faced with aligning the performance of what may be different 

hardware designs at the bench, pilot, and production scales. 

A combination of approaches can be used to reduce risk and 

ensure predictable performance as processes are transferred 

across hardware platforms and scale. Simple calculations, model 

experiments, and simulations complement each other to characterize 

equipment capability and define operating conditions that will deliver 

desired results independent of platform and scale.

A primary objective for cell culture and bacterial processes is 

to provide a consistent and uniform environment across scales. 

Calculation of energy dissipation, shear rate, blend-time, and mass 

transfer (e.g., of oxygen and carbon dioxide) at small and large scale 

can be used to assess how critical parameters change with scale 

(because it is impossible to hold all parameters constant) and how 

these critical parameters can be managed by changing other design 

variables (e.g., hardware configuration). Spreadsheet-based analysis 

readily extends the range of options that can be examined to achieve 

an optimal solution.

Performance aspects such as oxygen transfer can be highly 

dependent upon the configuration of what is often a proprietary 

hardware design. Small-scale model tests can be used to generate 

baseline data when at-scale performance correlations are not 

available. These test results can be used to generate hardware-

specific correlations and to evaluate the relative performance 

of different approaches. Different single-use platforms will have 

Paul Kubera is 

vice-president, Process 

Technology, at ABEC.

different strengths—having relative 

information available allows one to 

best match performance to process 

requirements.

While a mixing-dependent 

parameter (e.g., oxygen transfer) may 

be relatively independent of scale, 

blend-time (i.e., the time to achieve 

batch uniformity) is sensitive to 

both hardware selection and scale. 

Most bioreactor scale-up is based 

on hardware geometric similarity 

and equal energy dissipation to drive 

equal volumetric mass transfer; 

this approach is straightforward 

but it guarantees that blend-time 

will increase as the batch volume 

increases. For processes where 

uniformity is a critical parameter, 

model-scale tests can be used 

together with computational 

simulation to quantify and manage 

blend-time. 

Simple small-scale blend-time tests 

can be conducted using either visual 

or instrumentation-based techniques 

to establish performance correlations; 

multiple hardware configurations 

can be assessed in a short period of 

time to evaluate both configuration 

and operating condition options. 

Computational fluid dynamics (CFD) 

can be employed to model the flow 

pattern and simulate blend-time for 

preferred configurations. Presuming 

that there is good agreement between 

the small-scale CFD simulation and 

experimental results, simulation can 

then be used with confidence to model 

expected performance at full-scale.

Depending upon need, one or 

more of the above tools can be 

employed to address scale-up and 

hardware platform transfer concerns. 

As an example, in a case where 

three different single-use platforms, 

all at different scales, were being 

evaluated for large-scale production, 

at-scale characterization experiments 

were run to establish performance 

correlations and CFD simulation 

(validated at small-scale) and desktop 

calculations were used to project 

expected performance at large scale. 

Case study: comparing 
a small-scale single-use 
bioreactor with a large-scale 
stainless-steel bioreactor
As another example, a multi-pronged 

approach can also be used to (i) 
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Approaches for Single-Use 

Bioreactor Scale-up
Tools aid scale-up and comparison of single-use and stainless-steel bioreactors.
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Single-Use Bioreactors

demonstrate equivalent performance 

between traditional alloy and 

proposed single-use equipment, 

(ii) validate CFD simulation, and (iii) 

extend performance projections to 

intermediate and full-scale equipment. 

In this case, a single-use bioreactor 

with hydrofoil impellers (ABEC Custom 

Single Run [CSR]) was proposed as a 

development platform for an existing 

stainless-steel production bioreactor 

that was more than 10 times the size 

of the CSR and was equipped with a 

proprietary agitator design. 

Laboratory tests at 50% of the 

development-scale were conducted 

using two different impeller 

geometries to compare blend-time 

for the single-use configuration 

with the stainless-steel alloy 

configuration. The laboratory data 

were also used to validate the results 

of CFD blend-time simulation of the 

lab-scale CSR single-use geometry 

(see Figure 1a), allowing use of 

CFD to project performance of 

the proposed development-scale 

(Figure 1b) and existing full-scale 

(Figure 1c) platforms. The velocity 

contours in the three plots shown in 

Figure 1 illustrate the near identical 

flow structures across the range of 

scale for the alloy impeller and its 

single-use counterpart. 

Key bioreactor performance 

indicators (e.g., blend-time, oxygen 

mass transfer coefficient, and oxygen 

mass transfer rate [OTR]) can be 

measured in the laboratory and the 

resulting correlations used to predict 

performance at development and full-

scale. A spreadsheet application (see 

Figure 1: Computational fluid dynamics velocity contours for a laboratory-scale single-use and production-scale 

single-use and alloy bioreactors compare flow structures; CSR is Custom Single Run (ABEC).

1.000
0.938
0.875
0.813
0.750
0.688
0.625
0.563
0.500
0.438
0.375
0.313
0.250
0.183
0.125
0.063
0.000

0.0000 0.24000 0.48000 0.72000
Velocity: Magnitude (m/s)

(a) 50%-scale Lab CSR model (b) Development-scale CSR Bioreactor (c) 10x-scale Alloy Bioreactor

Velocity: Magnitude (m/s)
0.96000 1.20 0.0000 0.24000 0.48000 0.72000 0.96000 1.2000

[s∧-1]

Table I: Parameter comparison: geometrically-scaled bioreactors at equal power per volume (P/V); 

CSR is Custom Single Run (ABEC) single-use bioreactor.

Parameter Lab CSR model Development CSR Production

Construction Single-use Single-use Alloy

Volume, relative 50% 100% 12.5x

Tank diameter, normalized 0.80 1.00 2.36

Agitator operating speed, rpm 124 109 60

Lower, middle, upper impeller types HyFoil-4W HyFoil-4W A315

Agitator power per volume, W/m3 62.7 61.9 62.6

Blend time, s 7.8 9.6 15.0

Impeller tip velocity, m/s 1.32 1.45 1.92

Maximum shear rate, s-1 9.9 10.9 14.4

Air sparge, VVM 0.008 0.008 0.008

Gas superficial velocity, mid-depth, m/hr 0.32 0.41 0.81

Oxygen mass transfer coefficient, hr-1 0.76 1.46 2.41 - 1.86

Oxygen transfer rate, mmol O
2
/L-hr 0.107 0.223 0.425 - 0.324
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Table I) allows for ease of comparison 

across scale and platform type for 

these parameters and others that 

may impact cell growth and product 

yield, such as energy dissipation, 

shear rate, and others. 

Equal power per volume (P/V) 

is a commonly applied approach 

for bioreactor scale-up because it 

provides equal volumetric oxygen 

transfer and thus equivalent cell 

growth/mass. When equal P/V is used 

together with geometric similarity, 

Table I illustrates that most other 

parameters will change; the key is 

to establish which ones may have 

a positive or negative impact on 

product yield and then manage them 

accordingly. For example, if experience 

indicates an improved product yield at 

lower shear rate or shorter blend time, 

one can change impeller selection and 

operating speed with scale to achieve 

the desired result while maintaining 

P/V and OTR. Because the mass 

transfer coefficient is a function of 

both agitator energy input and gas 

velocity, this side-by-side comparison 

shows that air sparge rate must be 

increased as scale decreases to 

achieve the equal OTR.

Oxygen transfer was identified 

as the controlling element for 

the production bioreactor in this 

example; other parameters 

(e.g., shear rate, blend-time) were 

reviewed to ensure that they did not 

exhibit order-of-magnitude change 

with scale-up. The volumetric OTR 

for the alloy production unit was 

calculated using correlations for 

similar-style equipment; operating 

set-points for agitator speed and air 

sparge rate to achieve the same OTR 

were proposed for the development-

scale single-use bioreactor based 

on measured performance. Plots 

of cell density and product titer 

versus time for a typical single-use 

development-scale run are 

presented in Figure 2, 

along with similar information 

for runs in the production-scale 

bioreactor.

Cell mass and product titer for 

the development-scale single-use 

bioreactor track closely with historic 

values for the alloy production-

scale unit. The ability to effectively 

characterize and compare the 

performance of the different 

platforms and scales before initiating 

a development or production 

campaign serves to reduce at-scale 

experimentation, saving both cost 

and time. PTE

Figure 2: Process performance for development-scale single-

use (ABEC CSR) vs. a production-scale alloy bioreactor 

(products 1, 2, and 3).
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Hydroalcoholic solutions of hydroxypropyl 

methylcellulose (HPMC) can be used in place of 

gelatin solutions to seal pharmaceutical capsules. 

The control of HPMC concentration is essential to 

ensure a complete, uniform, and stable capsule 

seal. Sealing solution concentration is usually 

monitored by measuring the solution viscosity 

through a viscometer. HPMC solutions, however, 

are pseudoplastic rather than Newtonian fluids, 

thus their viscosity depends not only on the 

solution concentration, but also on the shear rate 

applied during stirring and/or transfer of solution 

from one container to another. The authors 

demonstrate that a proper measure of HPMC 

solution concentration is its electrical conductivity 

rather than its viscosity. The correlation between 

concentration and conductivity was tested in the 

concentration range 12–25% and a mathematical 

expression was proposed for it. This correlation 

allows one to control and adjust the solution water/

alcohol ratio using a conductivity measurement.
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C
apsule sealing is primarily intended to avoid counterfeit-
ing. A sealed capsule can be opened only by breaking 
it in two parts; therefore, it is impossible to replace its 
content without compromising the capsule integrity.

Capsule sealing is performed by applying a solution of gelatin 
or hydroxypropyl methylcellulose (HPMC) (Pharmacoat 603, 
Shin-Etsu Chemical) on the junction between the capsule body 
and cap. While sealing with gelatin solution has been used suc-
cessfully for years, sealing with HPMC is relatively new. 

HPMC capsules have the following advantages compared to 
gelatin capsules:

• Lower and stable amount of moisture
• Higher reproducibility of the manufacturing process
• Better customer acceptability: gelatin is of animal origin 

while HPMC is obtained from vegetables
• Improved release profile of some APIs.
An important part of capsule sealing is to maintain a constant 

concentration, and therefore viscosity, of the solution to be ap-
plied on the capsules. In the case of gelatin, the concentration 
is monitored with a viscometer. Evaporation of water from the 
solution (which is heated to 40 °C) causes a linear increase of the 
viscosity. When this happens, more water is dropped in the tank 
with the solution to bring the viscosity back into the target range.

In case of HPMC, the solution is not aqueous but hydroal-
coholic. The viscosity of HPMC solution depends not only on 
its concentration, but also on the mechanical stress to which it 
is subjected. HPMC solutions are pseudoplastic, meaning that 
their viscosity decreases with increasing shear rate, as opposed 
to the Newtonian fluids (e.g., gelatin solutions), which main-
tain constant viscosity with the shear rate. The HPMC solution 
behaves differently under different forces (such as stirring or 
simply transferring it from one container to another). 

In a commercial sealing machine, the banding solution is 
recirculated from the solution vessel to the sealing baths where 
the capsules are sealed. One problem is that stratification of the 
solution results in imprecision and irreproducibility of viscosity 
measurements used for concentration control. Trying to reduce 
stratification by stirring the product causes vibration that cre-
ates error in viscometer measurement. 

How to Monitor HPMC 

Concentration Through 

Conductivity Measurement
Anastasiya Zakhvatayeva, Pietro Pirera, Alessandro Resta, 

Maria Grazia De Angelis, and Carlo De Carolis

Submitted: 4 May 2017

Accepted: 5 June 2017

CITATION: When referring to this article, please cite it as A. 

Zakhvatayeva et al., “How to Monitor HPMC Concentration 

Through Conductivity Measurement,” Pharmaceutical 

Technology 41 (10) 46–52 (2017). 



co 
create

let’s

Working together to create 
ground-breaking chemistry
When you need to innovate for sustainable development of next-generation 
technologies, let’s work together to co-create solutions that give you a 
competitive edge. At Umicore, we offer a collaborative approach to 
research, development and commercial manufacturing for your complex 
organometallic chemistry and catalysis needs. 

Together with our customers we create and deliver ground-breaking science 
to pioneer sustainable technologies across many industries, including 
automotive, electronics, chemistry and pharmaceuticals.

Let’s co-create to make a difference  l  pmc.umicore.com

Visit us at CPhI Worldwide
Frankfurt. Hall 6.0 Booth 60D53



34    Pharmaceutical Technology Europe OCTOBER 2017  PharmTech.com

Because the results obtained with the viscometer were not 
reproducible, it was decided to control the concentration by 
measuring the electrical conductivity of the solution, supposing 
the HPMC is charged; therefore, the higher the concentration, 
the higher the conductivity.

Method description

This idea was tested by measuring the conductivity of HPMC 
solution, starting from 25% concentration and by diluting it 
with solvent until lower concentrations of 12%. This method 
is off line and time consuming, but it was useful to under-
stand whether there was correlation between conductivity 
and concentration. In addition to the laboratory tests, the 
authors evaluated how the conductivity and viscosity varied 

with concentration using a Hermetica 
sealing machine in the field.

Conductivity proved to be more re-
lated to the concentration than was vis-
cosity, which had much higher range of 
variation. The conductivity values were 
between 440 and 520 microSiemens/cm.

The authors defined a linear equa-
tion to describe the relation between 
the concentration and the conductivity: 
y(concentration%) = mx(conductivity)+q.

Materials

The following materials were used:
•  HPMC (Pharmacoat 603, Shin-Etsu 

Chemical) (see Figure 1)
• Ethanol 95%
• Demineralized water.

Instruments and machines

The following instruments and ma-
chines were used:

•  Capsule banding machine (Hermet-
ica 100, IMA)

•  Heated vessel of 30 L to hold the so-
lution 

•  Conductivity meter (COND 7, XS 
Instruments)

• Viscometer (Sofast BV, Sofraser)
• Viscometer (MIVI 9600, Sofraser)
•  Thermal moisture analyzer (HB43-S, 

Mettler Toledo). 

Laboratory tests

A total of 28 tests (9 laboratory tests and 
19 trials on the sealing machine) were 
made to find a correlation between 
concentration and electrical conductiv-
ity. In the range of interest (12–25% of 
HPMC), the sealing solution was gradu-
ally diluted, so concentration and con-

ductibility values were recorded for every dilution. A refilling 
solution, 50:50 w/w water and ethanol, was used to contrast 
solvent evaporation during the sealing process.

For the concentration evaluation in both the laboratory tests 
and the sealing machine tests, a thermal analyzer was used: 
500 mg of the solution were deposited on the weighing plate 
and heated to 200 °C. The instrument returned the percentage 
of moisture lost to evaporation, which, subtracted from 100%, 
gave the percentage content of HPMC (dry residue).

In Figure 2, conductivity increases with concentration. Slight 
deviations from linearity can be attributed to interactions be-
tween the polymer chains and the solvent. There are two trend 
lines because each measurement has been repeated twice to 
avoid any errors due to the instrumentation (see Figure 2).

Figure 1: Hydroxypropyl methylcellulose (HPMC) (Pharmacoat 603, Shin-Etsu Chemical).

Figure 2: Trend of the concentration as a function of the electrical conductivity 

of hydroxypropyl methylcellulose (HPMC) solution. (Data obtained from lab test).
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Experimental description—results

Compared to static tests of the laboratory, the sealing process 
conducted in the commercial machine is more complex be-
cause recirculation of the product causes an increase of the 
evaporation surface. Furthermore, due to the different evapo-
ration rates and conductivity values (30 μS/cm for water and 3 
μS/cm for ethanol) of ethanol and water in the solution, it was 
observed that, in time, there is a slight increase in conductiv-
ity even if the HPMC concentration remains constant, due to 
the higher conductivity of the water. Thus, in Measurement 1 
(shown in Figure 3), the trend line obtained has been employed 
as a line of first attempt. 

The line [y = 0.0259x + 7.2948] in Figure 3 has been used 
to predict the concentrations of the next tests and, as Figure 4 

shows, the angular coefficient can approximate the experi-
mental data, while the intercept identification is not so im-

mediate. The angular coefficient is the 
general trend of the concentration with 
the conductivity, while the intercept 
depends on all those factors that vary 
during the sealing: temperature, evapo-
ration rate, mixing rate, and different 
water-ethanol ratios over time.

To optimize the intercept value for 
each test (data obtained experimen-
tally are named EXP1-2-3), the stan-
dard deviation, Σ (ωsp - ωteo) ^ 2, has 
been minimized through a general-
ized reduced gradient method to have 
the minimum difference between ex-
perimental and theoretical concentra-
tions. As shown in Figure 4, three lines 
with the same angular coefficient but 
different intercept (Theo 1, 2, 3) have 
been obtained.

Because the concentration remains 
constant during sealing tests, the con-
ductivity varies in a range between 
440 and 520 μS/cm. At 20% of HPMC, 
the conductibility is on average 480 μS/
cm, and the average intercept value ob-
tained is 7.568. Here the equation of 
the line found:

y=0.0259x+7.568

The line represents the equation 
needed to control the average con-
centration of the polymer during the 
sealing of capsules based on electrical 
conductivity measurements.

Additional data 

Another set of data was obtained from 
a sealing trial performed on capsules 
supplied by a customer. In this case, 

refilling was performed not in the sealing solution tank but 
in the sealing baths, which were exposed to the atmosphere, 
with a consequent increase in the evaporation rate and 
greater difficulty in maintaining a constant concentration.

Concentration was evaluated as in previous tests (using a 
thermal analyzer), while conductivity was measured in the 
sealing baths (see Table I and Figure 5).

As can be noted from Figure 5, the data obtained (blue) 
were higher than those estimated theoretically from the 
equation (red). The observed trend is parallel to the theo-
retical one, except for the outliers (black and orange circle) 
that were observed immediately after manually diluting the 
solution. Stirring plays an important role in keeping the 
solution uniform. If left static, the values can differ due to 
the formation of layers of different concentration.

Figure 4: Comparison between experimental and theoretical concentrations. 

Figure 3: Trend of the concentration with the conductivity 

(data obtained from machine tests).
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Therefore, in the sealing baths, 
where there is no agitation, the val-
ues tend to be somewhat lower if 
compared to the tank where the so-
lution is under constant mild stirring 
(as in the data from test 1 in Figure 3

and test 2 in Figure 4).
If, to add the agitation contribution, 

a correction of approximately 50 uS/cm 
is applied, it can be seen that the two 
trends in Figure 5 (theoretically calcu-
lated [green] and the experimental data 
[purple] with the correction) are more 
similar. The number 50 is due to con-
siderations about previous tests and 
the current trial; when the solution is 
added in the sealing baths, it is stirred 
and an increase of about 50 uS/cm can 
be noted. This correction doesn’t in-
f luence the slope but the intercept of 
the equation, which is the only factor 
influenced by experimental conditions 
(temperature and stirring rate). 

The maximum difference observed between the experi-
mental and the corresponding theoretical value (obtained 
from the equation) is not higher than 0.5% concentra-
tion (evaluated with the thermal scale). The error is quite 
high because of the thermal scale, but for the process 
purpose the value is quite close to the theoretical one. 
Consider that this series of data comes from a test that 
was performed in slightly different conditions (requested 
by the customer): the refilling was performed manually, 
and therefore the concentration was not held perfectly 
constant. Therefore, the theoretical trend is not perfectly 
identical to the experimental, but the slope value is very 
similar. The experimental data are shifted (i.e., different 
value of intercept) because the experimental conditions 
are different.

Conclusion

The relation between conductivity and HPMC concentra-
tion is more accurate than that of viscosity and HPMC 
concentration; however, further tests are necessary to 
study better the inf luence of experimental conditions 
(stirring rate, temperature, etc.). Therefore, the study is 
far from being completed. PTE

Figure 5: Comparison between experimental and theoretical concentrations with 

and without stirring.

 Table I: Set of data obtained from a sealing trial with refilling performed in the sealing baths.

Time Conductivity Concentration Temperature
Estimated 

concentration

Conductivity

(stirring)

Estimated 

concetration 

(stirring)

min μs/cm %w ºC %w μs/cm %w

10 435 19 21,3 18,8345 485 20,1295

20 430 19,5 21 18,705 480 20

30 410 19,5 18,8 18,187 460 19,482

40 422 20,3 19,2 18,4978 472 19,7928

50 430 19,6 18,6 18,705 480 20

70 435 20,7 19,6 18,8345 485 20,1295

80 425 20,5 19 18,5755 475 19,8705

90 430 20,8 18 18,705 480 20

100 435 21 18,2 18,8345 485 20,1295
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Since the United States Pharmacopeia (USP) and National Formulary 

(NF) General Notices combined, it could be interpreted that API 

requirements apply to excipients. In USP–NF General Notices, an 

API equals the labelled entity plus impurities. Applying this logic to 

excipients, anything NOT the labelled entity would be an “impurity.” 

Most excipients are more complex and less well defined than APIs. 

The excipient name may not reflect its complete composition. The 

named entity may be a minor component. The other components may 

be essential for functionality. This article seeks to promote dialogue 

among stakeholders to facilitate consensus regarding this topic. 

Due to excipient diversity, including highly complex mixtures 

from animal, botanical, mineral, and/or synthetic sources, differing 

approaches to characterizing excipient properties may be required. 

More complex excipients, including excipients produced by 

biotechnological methods, may require extensive physico-chemical 

characterization to fully understand their composition. 

Excipients are a diverse group of materials, which are used for a 

vast range of available drug products. Excipients intended for use by 

different routes of administration may require different understanding 

of the composition profile. Excipient manufacturers should seek to 

establish how their ingredients will be used. However, in commerce, 

this information is not always available from or shared by the user.

IPEC-Americas and IPEC Europe have published an Excipient 

Composition Guide, which describes the complex nature of 

excipients (1).  There are many excipient types, which have different 

compositional profiles. These include standard excipients, sometimes 

referred to as conventional or traditional excipients, mixed excipients, 

and co-processed excipients.

The excipient composition profile may be defined as a description 

of the components present in a typical excipient lot produced by a 

given manufacturing process. The main components of an excipient 

are those, which in most cases; contribute to the excipient being able 

to perform its intended function within the drug product(s) in which 

it is used (also known as “nominal” components). Other necessary 

components also may be present (i.e., concomitant components, 
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additives, and processing aids). 

Unreacted starting materials, 

by-products, degradants, and residual 

solvents also may be present as 

a direct result of the excipient’s 

manufacturing process. These 

components may arise at different 

stages in excipient processing (Table 

I) and are considered part of the 

excipient composition profile. 

Finally, contaminants may 

be present (i.e., substances not 

directly resulting from the excipient 

manufacturing process [synthesis 

and/or purification], but as a 

consequence of extraneous factors 

such as personnel, equipment, 

packaging, other products, etc.). 

Contaminants would not be regarded 

as part of the composition profile; 

however, they should be controlled 

through good manufacturing 

practices (GMPs). 

As excipients are used typically 

without further purification, excipient 

manufacturers should identify and 

set appropriate limits for components 

as appropriate. These limits should 

be based on appropriate safety data, 

limits described in official compendia, 

or other requirements and sound 

GMP considerations. Manufacturing 

processes should be adequately 

controlled to ensure that undesirable 

components do not exceed 

established limits. 

For many excipients, classifying 

and quantifying all components 

may not be possible. Composition-

related methods and specifications 

should be justified. There are 

many traditional, well-established 

(qualified by use) excipients for 

which it is neither feasible, nor 

necessary, for safety purposes to 

identify all components. Evaluating 

(re-evaluating) their safety, unless 

scientific evidence becomes available 

that suggests otherwise, is generally 

unnecessary. Where feasible, 

generating composition profiles 

should involve each component’s 

identification, classification, and 

quantification (expressed as a 

range). If unidentified, an appropriate 

For many excipients, 
classifying and quantifying 
all components may not 
be possible.
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Excipients

qualitative description such as a 

chromatographic peak retention 

time should be made available. A 

reasonable reporting threshold is 

available from the International 

Council for Harmonization (ICH) Q3A 

(R2) guideline (2).

In addition to the “nominal” 

component, excipient components 

may comprise the following:

• Concomitant components

• Additives

• Processing aids

• Degradants

• Residual solvents

• Additional components may 

comprise:

 o  Unreacted starting materials 

such as monomers in 

polymerization

 o  Residual catalysts or metal 

reagents

 o  Reaction by-products (e.g., 

isomers and side reactions)

 o  Raw material components 

(especially for naturally sourced 

materials).

Establishing an 
excipient composition profile 
Where possible, excipient 

manufacturers should establish 

composition profiles where the 

main excipient components 

are identified and their normal 

concentration variability 

determined. Acceptable limits, 

where required, should be based 

on a risk assessment using sound 

science. It is typically not necessary 

to have limits for all components 

in the composition profile, but 

the profile should be understood. 

Limits should only be established 

when justified by risk assessment 

to address safety and/or customer-

specific concerns. 

An excipient composition profile 

evaluation should be performed 

by the excipient manufacturer 

using their manufacturing process 

knowledge and understanding, which 

may lead to identifying associated 

potentially undesirable components. 

Excipient components (i.e., main/

concomitant components, additives, 

processing aids, and undesirable 

components) should be identified and 

quantified using suitable analytical 

techniques, wherever possible. 

Appropriate analytical methods may 

be compendial or suitably qualified 

manufacturer-specific methods. 

The materials used for composition 

profile development should be 

representative of the excipient, and 

sampled in a manner consistent 

with that used for lot release by 

the quality control unit (i.e., same 

sampling technique and sampling 

point(s) in the manufacturing 

process). 

Concerns with 
current USP policies
The United States Pharmacopeial 

Convention (USP) merged the 

General Notices for both the United 

States Pharmacopeia (USP) and 

National Formulary (NF) in early 

2000. In effect, this means that the 

same General Notices restrictions 

apply to both APIs and excipients. 

It could, therefore, be argued that 

API requirements also apply to 

excipients. In the General Notices, 

an API equals the labelled entity plus 

impurities. If the same logic is applied 

to excipients, anything other than the 

labelled entity could be considered an 

“impurity.”

The current USP 40–NF 35 “impurity” 

or “concomitant component” 

definitions only apply to drug 

substances and drug products but not 

excipients. Similarly, ICH addresses 

impurities in new drug substances and 

drug products as follows: 

• Any component of the new 

drug substance that is not the 

chemical entity defined as the 

new drug substance (2)

• Any component of the new drug 

product that is not the drug 

substance or an excipient in the 

drug product (3)

• Any component present in the 

intermediate or API that is not 

the desired entity (4). 

Table I: Differences in APIs and excipients.

Typical attributes API (traditional, small molecules) Excipient

End users • Pharmaceutical companies

• Cosmetic companies

• Industrial 

• Cosmetic

• Food 

•  Pharmaceutical (often only a small proportion of the market)

Manufacturing • Batch (usually)

• Small volume (usually < 1000 kg)

• Batch or continuous

•  Large volume (up to 100,000 tons per annum)

Synthesis • Synthesis of specific molecular entity •  Synthesis (including polymerization) of predominant molecular 

entity

•  Extraction, processing, and/or purification of naturally-

occurring starting materials

Raw materials • Well-defined chemical intermediates • Harvested plant matter 

• Animal products 

• Minerals (mined)

• Fermentation 

Composition •  Typical processing reduces or 

eliminates most impurities.

•  API = labeled entity + impurities = 

100% 

• Quantitative assay

•  Typical API purification techniques (e.g., crystallization, 

precipitation) are not applicable 

•  Excipient = nominal labeled entity + concomitant components 

+ additives + residual processing aids + impurities = 100%

•  Variable compositional profile, depending on source/process

•  Assay may not be available
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Excipients

These definitions do not specifically 

apply to excipients and cause 

confusion when inappropriately 

applied to them. Excipient-specific 

definitions are therefore required and 

should be included in future issues of 

the USP–NF.

The situation regarding excipients 

is put forth in an excerpt from 

the International Pharmaceutical 

Excipients Council (IPEC) Composition 

Guide:

“For excipients, the situation 

is more complex as they are 

frequently multicomponent, and their 

composition may be less well defined. 

Their functionality may be dependent 

on the presence of components 

other than the labelled entity. The 

definition of the term ‘impurity’ as 

used above for drug product and/

or drug substance is thus misleading 

when applied to excipients. To 

distinguish these components from 

true impurities, the appropriate term 

for describing excipients should be 

‘minor component’ or ‘concomitant 

component’ (e.g., the water of 

crystallization in magnesium stearate 

required for optimum lubricant 

effectiveness)” (1). 

Advances in analytical technologies 

can give excipient manufacturers, 

users, and regulators more 

quantitative excipient composition 

detail, but not necessarily increased 

understanding of excipient 

functionality. Increased analytical 

capabilities are to be encouraged, 

but, taken out of context, can cause 

confusion and inappropriate or 

counterproductive actions by users 

and regulators.

Significant differences 
between APIs and excipients
The US Food and Drug Administration 

(FDA) defines an “Active Ingredient” 

(here used interchangeably with the 

term API) as “any component that 

provides pharmacological activity or 

other direct effect in the diagnosis, 

cure, mitigation, treatment, or 

prevention of disease, or to affect the 

structure or any function of the body of 

man or animals” (5). FDA does not have 

an official definition for “excipient,” 

but rather uses the term “Inactive 

Ingredient,” which they define as “any 

component of a drug product other 

than the active ingredient” (6).

The Glossary found in USP 40–NF 

35 General Chapter <1078> Good 

Manufacturing Practices For Bulk 

Pharmaceutical Excipients defines 

an excipient as “Any substance, 

other than the active pharmaceutical 

ingredient or drug product, that 

has been appropriately evaluated 

for safety and is included in a drug 

delivery system to aid the processing 

of the drug delivery system during 

manufacture; to protect, support, 

or enhance stability, bioavailability, 

or patient acceptability; to assist in 

product identification; or to enhance 

any other attribute of the overall 

safety and effectiveness of the drug 

delivery system during storage or 

use” (7). 

Some of the general differences 

between APIs and excipients are 

summarized (Table I). Exceptions 

exist (e.g., in the case of small-

molecule synthetic API-like excipients 

and naturally derived APIs such as 

digitalis and fish oil). 

In the case of APIs, the labelled 

entity is generally well-defined and 

quantified by assay to ensure purity. 

Other components are considered 

impurities, that is, the balance of 100% 

minus the assay. For excipients, the 

labelled entity can be nominal, and 

there is not always a specific assay 

(e.g., microcrystalline cellulose). The 

labelled entity itself may not even 

be the predominant component. 

For example, stearic acid 50 NF can 

contain as little as 40 wt. % stearic 

(octadecanoic) acid and as much as 

50 wt. % palmitic (hexadecanoic) 

acid.  The latter major component 

is a concomitant component, not 

an impurity. There may also be up 

to 10 wt. % other components. The 

labelled entity may also be nominal for 

polymeric excipients, usually reflecting 

an average molecular weight.

According to General Notices 

5.60.10 in USP 40–NF 35, “The 

presence of any unlabelled other 

impurity in an official substance is 

a variance from the standard if the 

content is 0.1% or greater. The sum 

of all other impurities combined 

with the monograph-detected 

impurities may not exceed 2.0% 

unless otherwise stated in the 

monograph” (8). 

This statement is not appropriate 

for excipients. If a distinction is 

not made between concomitant 

components, additives, residual 

processing aids, and impurities, 

there is likely to be confusion 

regarding excipient applicability of 

specific impurity identification and 

quantification requirements typical 

for APIs. This could encourage 

attempts to set inappropriate 

specifications by users and result 

in excipient shortages, if the 

specifications are outside the 

process capability of excipient 

manufacturers.  

The authors propose that the 

following excipient-specific definitions 

be adopted by USP–NF: 

• Concomitant component—A 

substance found in an excipient 

that is not the intended chemical 

entity, may be necessary for 

assuring the proper performance 

of the excipient in its intended use, 

and is not an impurity or a foreign 

substance. (Formerly referred to as 

minor component) (9) 

• Additives—A substance added 

to the excipient to improve or 

maintain a characteristic such 

as a preservative, flow agent, 

antimicrobial, etc. (9)

• Processing aids—A material 

added to a manufacturing step 

for the purpose of facilitating 

the completion of that step or 

subsequent step (9) 

• Impurity—An undesirable 

material found in an excipient as a 

consequence of the raw materials, 

excipient manufacturing process, 

or excipient degradation (9). 

Excipient composition 
example–Polyethylene 
Glycol 600
Excipients can be complex mixtures of 

substances, some or all of which may 

affect functionality.  Polyethylene glycol 

600 NF (PEG 600), which is a complex 

mixture of the tridecamer (mol. wt. 

590), other oligomers (concomitant 

components), and impurities, is a 

good example. It is by no means the 

only example. Other examples include 

polymeric excipients, some excipients 

derived from natural fats and oils, and 

mineral ores. 

Polyethylene glycols are polymers 

of ethylene oxide and water. In the NF, 

the number after polyethylene glycol 

or PEG indicates the mean molecular 
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Excipients

weight of the polymer. PEG 600, which 

has been safely used as an excipient 

for many years, is used (among other 

applications) in hard and soft gelatin 

capsule formulations to enhance active 

substance solubility (10). 

While the “600” nomenclature 

indicates mean molecular weight, 

other higher and lower molecular 

weight oligomers present impact 

performance. In addition, the 

specified impurities ethylene glycol 

and diethylene glycol must not 

jointly exceed 0.25 wt. %. A suitable 

antioxidant (additive) may also be 

present. The antioxidant would be a 

stabilizer and thus an additive, not an 

impurity.

Historically, polyethylene glycol 

grades were specified by viscosity, 

but their multicomponent nature 

is now revealed by modern 

chromatographic techniques. The 

Cleaver chromatogram (11) shows 

multiple oligomers present, most 

of which are present at levels well 

in excess of 0.1 wt. %, and the sum 

of which exceed 2 wt. %. Given 

the current impurity limits and 

“definition” put forth in the USP–NF 

General Notices, these oligomers 

could be construed as “impurities.”

However, since finished 

pharmaceutical formulations using 

PEG 600 have been based on PEG 600 

functionality, which is predicated on 

the presence of the oligomers shown 

in the chromatogram, the effect of 

removing all oligomers except the 

tridecamer is unknown, even if it 

were possible to do so. The presence 

of these oligomers may provide 

essential contribution to PEG 600 

drug delivery properties.  In addition, 

their presence does not pose a health 

or safety risk. 

In the case of ethylene glycol and 

diethylene glycol, both of which could 

be present in PEGs, there is a clear 

need to set limits for the “undesirable 

substances” (impurities) because they 

are toxic to humans and animals. 

Communication disclosure 
methods needed for 
additives and processing aids 
IPEC-Americas recognizes the 

need to provide appropriate details 

regarding excipient composition. 

There are excipients in approved 

medicines, which contain undeclared 

additives or residual processing 

aids and yet have a long history 

of use. Given the large number of 

excipients involved, and the much 

greater number of pharmaceutical 

products potentially affected, there is 

a need for IPEC-Americas, FDA, and 

USP to collaborate in developing a 

path forward and avoiding potential 

drug product shortages. There has 

not been a consistent approach 

to excipient additives and residual 

processing aids disclosure, even 

though these ingredients have been 

used safely for many years. However, 

it must also be recognized that the 

presence of certain other components 

in excipients may present intellectual 

property issues (trade secrets and 

know-how).  A mechanism is required, 

and should be developed, for sharing 

confidential information with FDA 

and without direct disclosure of 

the identity and level of additive or 

residual processing aids to users.

For an excipient having a 

monograph in the USP–NF, there 

are issues with such additives and 

residual processing aids. USP General 

Notices 5.20 Added Substances (12) 

states as follows:

“5.20. Added Substances 

“Added substances a re 
presumed to be unsuitable 
for inclusion in an official ar-
ticle and therefore prohibited, 
if: (1) they exceed the minimum 
quantity required for providing 
their intended effect; (2) their 
presence impairs the bioavail-
ability, therapeutic efficacy, or 
safety of the official article; or 
(3) they interfere with the as-
says and tests prescribed for 
determining compliance with 
the compendia l  s tandards .

“The air in a container of an 
official article may, where ap-
propriate, be evacuated or be 
replaced by carbon dioxide, he-
lium, argon, or nitrogen, or by a 
mixture of these gases. The use 
of such gas need not be declared 
in the labeling.

“5.20.10. Added Substances 
in Official Substances 

“Off icial substances may 
contain only the specific added 
substances that are permitted 
by the individual monograph. 
Such added substances shall not 
exceed the quantity required for 
providing their intended effect. 
Where such addition is permit-
ted, the label shall indicate the 
name(s) and amount(s) of any 
added substance(s).”

The presence of undeclared 

additives and processing aids 

conflicts with General Notices 

requirements. A mechanism is 

needed for confidential disclosure of 

the presence of additives and residual 

processing aids without required 

labeling as specified currently by 

USP–NF.
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IPEC-Americas has submitted a 

background document on this issue 

to FDA and has requested a meeting 

to discuss possible disclosure 

mechanisms for these ingredients 

and potential changes needed in the 

USP–NF General Notices. 

Conclusion
Many excipients are multi-component 

with well-established safety profiles. 

Components other than the labelled 

entity may also impact excipient 

performance. For excipients, 

concomitant components, additives, 

and residual processing aids should 

be distinguished from impurities in 

terms of undesirable substances, 

which should be absent or controlled 

for safety reasons. 

The current API-specific 

requirements put forth in the USP 

40–NF 35 General Notices are not 

appropriate for excipients. It is 

therefore recommended that USP and 

FDA take the following actions:

• Revise General Notices 5.60.10 

and 5.20.10 to address excipient 

requirements by incorporating 

the aforementioned proposed 

definitions. 

• Include excipients in the list of 

exceptions in the Other Impurities 

requirements in 5.60.10.

• Provide excipient manufacturers 

with a means to confidentially 

communicate additives and 

residual processing aids 

presence to regulators without 

public disclosure.
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As they develop new cold-chain services for their pharma 

customers, more carriers and third-party logistics companies 

are using Internet of things (IoT) technology to improve product 

monitoring and address data gaps that can result in wasted product 

and recalls. “With IoT, customers can be aware of potential problems 

as products approach their temperature storage boundaries, allowing 

them to ship replacement product and communicate with customers 

sooner,” says Vidya Subramanian, cofounder and vice-president of 

products for Roambee. 

In 2016, DHL broadened the IoT offerings within its Temperature 

Management Solutions, says David Bang, CEO of global forwarding 

and freight for DHL’s Life Conex. The company is currently running a 

global IoT meshed network, and working with more than 30 airlines, 

ocean carriers, and technology providers, says Bang. FedEx is also 

using IoT for pharma and healthcare customers via its Sensaware 

programme, says Patrick Maier, marketing manager of Healthcare 

Solutions at FedEx. SenseAware, he explains, monitors current 

Agnes Shanley

location, temperature, light exposure, 

relative humidity, shock thresholds, 

and barometric pressure, allowing 

shipments to be tracked in real time. 

Technology providers are offering 

solutions to both logistics companies 

and manufacturers. An example is 

Roambee, whose IoT solution for 

cold chain and product traceability, 

the Bee, is a wireless, battery-

powered IoT sensor that reports 

on product or asset location and 

condition, providing real-time data 

on temperature, humidity, position 

within the carrier vehicle, location, 

and other conditions. The solution is 

offered on a “pay-as-you-go” basis. 

Once sensors have been used, they 

can either be redeployed or returned.

Preventing product diversion
GlaxoSmithKline (GSK) has used the 

sensors to prevent product theft and 

diversion, placing Bees in third-party 

logistics suppliers’ vehicles moving 

product out of its factories. The 

company had banned night driving 

to help prevent product diversion, 

but without real-time data, found 

the ban hard to enforce. Using Bees 

made it possible to enforce the ban 

and prevented product diversion, the 

company reports (1). 

Working with sensor suppliers, but 

focusing on the data management 

issues involved with IoT is Bristlecone 

Labs, set up in April 2016 by Mahindra 

Industries. The company works with 

a number of sensor providers and 

has several pharma customers, says 

Sweeni Poroth, cofounder and vice-

president of products. Bristlecone and 

Roambee are working on approaches 

Prequalified Cold-Chain Shipping Systems are Designed for Various Durations

Cryopak’s CryoCube line of reusable temperature-

controlled shipping systems for cold chain packaging 

provides four insulation categories to satisfy a wider range 

of customer needs. In addition to the existing fabricated 

expanded polystyrene (EPS) and vacuum insulated panel 

(VIP) solutions, Cryopak now offers the CryoCube in molded 

EPS as well as polyurethane (PUR) varieties.

These containers offer flexibility and cost-efficiency in 

sustainable, prequalified cold-chain shipping solutions. 

Choices include an economical option with fabricated 

EPS for shorter durations (starting at 36 hours), a 

highest thermal performance option with VIP for 

extended durations (up to 120 hours), and anywhere 

in between with the new molded EPS and PUR models. 

The systems have been ergonomically designed to be 

lightweight and easy to packout.

Cryopak can now employ its new Ansys Fluent 

simulation software to help create a more tailored solution. 

This thermal modelling capability will allow the company to 

expedite an optimized, cost-efficient Cube design to meet 

specific customer requirements.

The editors of Pharmaceutical Technology Europe
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Real-Time Logistics
Internet of things, advanced analytics, and blockchain solutions 

such as smart contracts promise to give manufacturers 

more control over products and supply chains.





Cold Chain Logistics

that would work with blockchain to offer chain-of-custody 

and condition monitoring, with electronic proof of 

delivery and a record of condition-monitoring data, says 

Subramanian. “Currently, these data don’t get saved. They 

may be printed out, but can be altered,” he says.

Working with T-Systems, a vendor of private cloud 

hosting, the companies are developing a proof of concept 

that would use blockchain-based smart contracts, with 

Roambee offering real-time product tracking, Bristlecone 

offering Hyperledger expertise and encrypting data that 

would be shared by manufacturer and supply chain 

partners, and T-Systems providing the cloud data hosting. 

This approach would provide real-time feedback on global 

shipments, analytics on the whereabouts of shipments, 

and alerts on noncompliant conditions, says Jim Sabogal, 

healthcare and life-sciences leader with T-Systems. Smart 

contracts would trigger penalties whenever a distributor 

allowed product to be shipped at suboptimal conditions.

In August 2017, Ambrosus Technologies and Trek 

Pharmaceuticals launched a programme to evaluate 

blockchain and smart contracts for manufacturing and 

supply chain (2). But such approaches will have to prove 

themselves in the field. “The biggest issue with a system 

like blockchain is the accuracy of data input into the 

system,” says Mark Sawicki, chief commercial officer at 

Cryoport. “We regularly see inconsistencies from third 

parties relating to scan codes and purported location of 

packages. Without accountability, these inconsistencies 

would be problematic,” he says.

References
1. Case Study: GSK Pharmaceuticals, roambee.com, www.

roambee.com/our-customers/case-studies/case-study-glaxo-

smithkline, accessed 4 Oct. 2017.

2. The editors of Pharmaceutical Technology, “Trek 

Pharmaceuticals to Test Blockchain-Based Smart Contracts 

for Clinical Supply Safety,” www.pharmtech.com/trek-

therapeutics-test-blockchain-based-smart-contracts-clinical-

supply-chain-safety, accessed 4 Oct. 2017.  PTE

Customized Pharma Logistics Programmes

The past year has seen a growing number of logistics and 

cold-chain services tailored to biopharma customers. Along 

with its enhanced capabilities in the Internet of things 

(IoT), DHL has also expanded its ocean cargo transport. “We 

are working closely with a select group of ocean container 

carriers to collaborate on ‘hyper-care’ containerization of 

biopharmaceutical and pharmaceutical products, using 

technologies that include proprietary real-time container 

tracking and telemetry services, and ‘meshing’ them up with our 

DHL capabilities,” says David Bang, CEO of global forwarding and 

freight for DHL’s Life Conex.

FedEx Supply Chain has launched a new multi-tenant 

warehouse solution for small and medium-sized healthcare 

manufacturers in the United States and Canada, allowing them 

to operate alongside each other in one warehouse. “Customers 

can focus on new growth opportunities and worry less about 

issues of regulatory risks, compliance, product storage, delivery, 

or unplanned costs,” says Patrick Maier, marketing manager of 

healthcare solutions at FedEx. The company has also introduced 

TranSmart to help customers comply with the US Drug Supply 

Chain Security Act (DSCSA). It uses a secure, password-protected 

third-party-validated online system to allow users to view 

proof-of-delivery (POD) signatures for up to seven years after 

ship date and provides a true link between each POD and the 

Product Tracing Information form, says Maier.

Cryoport, meanwhile, has designed its packaging and 

condition monitoring systems to integrate with its 

informatics platform, says chief commercial officer Mark 

Sawicki. This approach optimizes access to chain-of-condition 

and chain-of-custody information, he says.

For more on cold chain, go to PharmTech.com 

to read the following:

• Cold Chain Logistics for Personalized Medicine: 

Dealing with Complexity

The complex packaging and logistics required for 

personalized medicine pose significant challenges, 

but proactive planning can help ensure success.

www.pharmtech.com/cold-chain-logistics-

personalized-medicine-dealing-complexity

• Cold Chain: Zeroing in on the Last Mile

Longer packouts are becoming the rule, as logistics 

service providers and sponsors gain experience 

planning logistics for clinical trials involving novel 

therapies.

www.pharmtech.com/cold-chain-zeroing-last-mile-1

• Careful, Early Cold-Chain Planning is Crucial 

for New Biologics

Cold-chain requirements and the tight logistical 

windows needed for cell and gene therapies 

demand a focus on early communication and risk 

mitigation.

www.pharmtech.com/careful-early-cold-chain-

planning-crucial-new-biologics

• Preparing an Approach to Cold Chain for 

Cell- and Tissue-Based Therapies

Andrea Zobel, senior director of product 

management, clinical trial supply, and logistics at 

PAREXEL International, examines key issues and 

questions that sponsors and contract partners 

must address.

www.pharmtech.com/preparing-approach-cold-

chain-cell-and-tissue-based-therapies

Related Articles
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Simplifying enteric delivery for heat or acid-sensitive and/
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The automated visual inspection (AVI) process in glass containers is a 

well-established process, but not yet perfect when it comes to free-

floating or immobile particles. Inspection of plastic containers also has 

challenges. This article discusses fully automatic inspection of glass and 

plastic containers and factors that affect particle detection rate. 

General approach
AVI as a technical inspection process relies on a contrast difference 

of a specific particle from its surrounding, under a particular lighting 

condition, and usually captured by a video camera. Whether it is 

machine vision or human inspection, if there is no contrast then there 

is no detection. The smaller a particle, the less contrast it shows, and 

therefore, the lower the chance of detection. Thus, the first goal in 

particle inspection is the correct adjustment of light intensity. Light 

intensity should be high enough to penetrate the container with the 

liquid, but low enough to provide the best contrast for the 

smallest particles. 

It is necessary to consider the nature of particles and their interaction 

with light. One may think that a black particle is more detectable than 

a white one or a transparent one. This assumption is only partly correct 

and only under ambient lighting conditions. When it comes to machine 

vision, one is using transmitted light for the inspection scene, and here 

this impression is wrong. In machine vision, a thin grey metal particle 

can produce the same contrast as an almost clear plastic particle, and 

a thin black plastic particle will have a similar contrast to a glass particle 

of the same size. The differences become larger as the particles become 

larger, but the limitations of an inspection technique are determined 

by the boundary samples, which are usually made from the smallest 

possible detectable size. Considering these limitations, claims of reliable 

AVI detection of particles with a size of 50, 70, or even up to 100 μm are 

suspect. Human inspection capabilities have similar limits. 

Inspection technique
The inspection technique for AVI is simple and effective. The machines 

rapidly spin the container to create a vortex and then stop it suddenly, 

Dr. Heino Prinz is 

director Development 

Inspection Devices, 

Rommelag Engineering.

which conserves the liquid’s and 

particles’ motion according to 

their inertia. The rest of the scene 

must be stock-still, which can be 

done by cameras moving along 

with the machine transport or by 

a moving mirror system. From a 

series of pictures and their pixelwise 

subtraction, the moving reflections 

within the container area—on the 

picture—will be visible and create a 

detection signal. Human inspectors 

perform the same test by shaking, 

tilting, and flipping the container in 

their hands and watching for 

moving contrast. 

In addition to packaging in glass 

vials and prefilled syringes, more 

injectable products are being 

packaged in plastic blow-fill-seal 

(BFS) vials and ampoules. These 

containers are usually manufactured 

in large blocks up to 30 or more 

directly bonded containers. Even 

when segregated into blocks of 

four or five containers, the classical 

method of AVI, which uses high-speed 

rotation and abrupt stoppage of single 

containers, is impossible to use. To 

test blocks of ampoules that cannot 

be rotated due to their symmetries, 

an inspection machine has to copy 

the human technique by vibration 

in combination with tilting and 

swivel motions. Then one observes 

the scene when the container is 

still, acquiring the picture series in 

between the agitations. The rest is 

identical to the AVI of single round 

glass vials.

All three scenarios—AVI for singles 

and blocks and the human inspection 

technique—have side effects created 

by moving bubbles, droplets, or light 

reflections that are mistakenly held for 

particles, and therefore, false rejects. 

Apart from reaching the best detection 

rates, reduction of false rejects is the 

second major task in setting up 

an AVI process.

A particle showing sufficient contrast 

and changing positon within a series of 

pictures in a perfect liquid is detected 

as a contamination. But, different 

particles act differently. Furthermore, 

clear glass and semitransparent 

plastic have different transmission and 

transparency properties. The particle 

nature, interactions with the liquid, 

the container material, and the way of 

agitation must be investigated.  
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Particle nature as a root 
cause for non-detection 
and false rejects
Particles with lower and higher 

densities compared to the liquid 

must be treated differently.  Material 

characteristics, such as adhesiveness 

or particle morphology, in combination 

with the primary container material, 

must also be taken into account. 

Additionally, the container geometry 

plays an important role in 

detection probability.

Fibers and flakes, regardless of the 

material, will or can float on water; 

therefore, they most likely are found on 

the surface. The usual camera position 

detecting these particle types is either 

tilted downwards from the top or 

inclined upwards from the side walls. 

The size of the area of such a surface 

defines the probability of detection 

of such particles. In fact, an upright 

standing container with a diameter 

of 12 mm is unfavorable for detecting 

floating particles, whereas a horizontal 

orientation of such a container 

magnifies this area to improve the 

detection rate (see Figure 1).

The size of an area where a particle 

can float is directly related to the 

detection probability, according to 

the equation: 

D
pr 

 = D
phys

*A
obs

/*A
tot

Where D
pr
 is detection probability, 

D
phys

 is probability based on physical 

factors (size, contrast, visibility),  A
obs 

is area obscured or not inspectable 

(meniscus fringes); and A
tot

 is total 

inspection area.

The detection probability of floating 

particles in upright standing containers 

is limited or will be accompanied by a 

larger false reject rate than normal 

due to bubbles and swirls on the 

liquid surface. 

Representatives of this category are 

fabric fibers, hair, splinters from metal, 

or chippings from most low density 

plastic materials.

Heavier and denser particles from 

metal abrasion, glass breakage, and 

all high-density materials tend to 

submerge or hover sometimes. They 

need to be detected in the body section 

of a container agitated by vortex 

or vibration. Vertical or horizontal 

Figure 1: Horizontal orientation improves detection of floating particles by increasing the area 

of the liquid’s surface.
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positions usually provide the same 

results because these particle types are 

moving close to the wall and, therefore, 

showing good contrast. Detection rates 

up to 100% down to 150 μm and lower 

are frequently observed. 

The probability of lifting large and 

heavy particles into the inspection 

area by a vortex is directly related to 

the size or weight, respectively. In the 

vertical detection position, they require 

a bottom inspection camera. In the 

horizontal position, they are detectable 

as easily as the smaller ones provided 

the agitation amplitude is large enough. 

One disadvantage with bottom 

inspection of glass vials or plastic 

containers is the view of the camera 

into the moving water column above 

(see Figure 2). Refraction of light 

through the liquid acts like a moving 

lens systems and creates reflections 

and moving shadows that can easily 

lead to false rejects. 

 In any case, the probability of 

detection of large glass shards on 

the bottom of a vial is lower than in 

the horizontal position, and the false 

reject rate is far higher than in other 

inspection positions. In horizontal 

inspection position and in human 

inspections, quite often a detection 

rate of 100% is reached.

Particle material can interact with 

the container material. Plastic particles 

in BFS processes, for example, are 

commonly created by the process. 

Burnt or melted plastic particles may 

be embedded in the side walls or, if free 

floating, adhering to the container wall 

due to Van-der Waals forces. These 

particles are, thus, quite often immobile 

and a specific inspection tool is needed. 

Glass containers have an advantage 

over plastic containers for AVI; in glass 

containers, the particles are usually free 

floating and not showing interaction 

with the glass walls.

For plastic containers, AVI machines 

also check for cosmetic defects all 

over the container surface apart from 

particle inspection. One can use these 

specific camera stations for static 

particle detection. The detection rate 

directly scales here with the contrast, 

and therefore with the size.

But there are additional interactions 

in plastic and in glass. The liquid 

produces bubbles and droplets 

when highly agitated, and due to the 

classification process in AVI, they are 

mistakenly held for particles when 

moving within the liquid or when 

dissolving into the liquid from picture to 

picture. Some liquids also tend to foam, 

which is even worse. A major task for 

every AVI process is to handle bubbles, 

or remove them or prevent them from 

being created during the filling and 

inspection process.

Container geometry can cause 

difficulties. A black spot on a round vial 

that is inspected only from two sides 

(front back side inspection) is missed 

by one-third of the inspections, which 

in turn means it requires three cameras 

to catch it. A block of square-shaped 

ampoules, which is common in BFS 

products (not rolling from a table when 

laid down), requires four cameras to 

inspect all sides of the wall properly. 

Detection rates of static particle 

defects or cosmetic defects on the 

outer walls are fairly high and can reach 

almost 100% even for tiny defects, 

but they suffer from high false reject 

rates. These inspection stations require 

usually a big compromise of inspection 

sensitivity and false reject rates. 

In a probabilistic measurement 

technique, which AVI represents, 

detection rates are not only ruled by 

the probability of grabbing a particle in 

two different positions in consecutive 

pictures, it is also a question about 

how likely a particle is in a position 

that can be evaluated by the visual 

inspection tools. Looking at a horizontal 

glass container, as shown in Figure 2, 

the water surface tension at the walls 

creates a shallow valley. That means 

the probability of a particle floating 

on an unobscured position that can 

be evaluated with visual inspection 

techniques is one.

The interaction between water and 

plastic, in contrast, creates a negative 

flank on the edges (see Figure 2), 

which means that there is a large 

probability of finding particles trapped 

on the side wall in an area that cannot 

be evaluated. Therefore, the detection 

probability is lower in plastic compared 

to glass. Overall detection probability is 

calculated as follows:

D
pro

  = D
phys

*D
pos

*D
pr
 

Where D
pro

 is overall detection 

probability, D
phys

 is probability based 

on physical factors, D
pos

 is position 

probability, and D
pr
 is detection 

probability.

Figure 2: A glass container (top) has a positive liquid surface 

flank, which improves the probability of detecting floating 

particles. A plastic container (bottom) has a negative liquid 

surface flank, which creates a large probability of particles 

trapped at the side wall that cannot be detected.
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In extreme underfilling scenarios of 

plastic containers, one finds a position 

probability of zero for any floating 

particle as shown in Figure 3.

Measuring particle size
Although particle size is used as if 

it were a definite measure, it isn’t. 

A sphere can be said to be 150 μm 

in diameter, for example, but real 

particles are not spherical. How then 

should particle size be classified? 

Is a 100x300x80-μm particle in the 

class <100 or 100–200 or 200–300 

or even 300–400 μm? Knowing that 

the contrast created by this particle 

is the main measure for detectability, 

it is fair to correlate this to the virtual 

area of this particle visible between 

the light source and the viewer 

(camera). In this case, one calculates 

the equivalent circle diameter, which 

is the closest to what causes the 

physical effect, as follows:

d
e
 = 1.30 (a b)0.625 / (a + b)0.25

where d
e
 is equivalent diameter (mm, 

inches), a is length of major or minor 

side (mm, inches), and b is length of 

minor or major side (mm, inches). 

Using a particle with the two larger 

sides (100 x 300) in this context, results 

in 180-μm particle size.

Process risk assessment
A risk assessment should be performed 

on particles created from the process 

(either extrinsic or intrinsic); particles 

arising from external process steps, 

suh as raw materials or pretreatment 

of containers; and particles arising from 

human or machine handling. A history of 

particle and defect findings can become 

a proper tool when rating the risks 

associated with particle occurrences. 

The overall particle load of a process 

in conjunction with specific detection 

rates is often a neglected aspect of 

risk assessment. The total number 

of a specific particle in the process 

is correlated with the detection rate, 

resulting in the residual risk of delivering 

contaminated products to the patient. 

As an example, the process risk of glass 

breakage in filling of glass vials is rather 

high due the various handling steps 

like washing, drying, and sterilization 

or depyrogenation and the associated 

possibilities of causing a glass breakage. 

The particle load in BFS with plastic 

particles from the process, however, 

is close to zero with respect to particle 

findings in the final product. An AVI 

process may have a detection rate of 

90% for glass particles, but the number 

of contaminated glass vials shipped 

still is significant. An AVI process 

may have a detection rate of 65% 

for plastic particles, but the amount 

of contaminated plastic containers 

reaching the patient is still close to zero. 

Defect classification 
Everyone who inspects product has 

a certain idea about defects and 

the related risk. In pharmaceutical 

products, the finding of a particle 

causes a higher patient risk than a 

scratch in a container, and therefore, 

the rating for particle finding is always 

critical; the scratch usually gets a minor 

classification. A vision system can only 

classify on a logical tool ranking, which 

could lead to a scenario where the tool 

used for scratch detection also triggers 

an alarm when a static particle and no 

scratch was present. The root cause of 

the alarm is a particle, but the ranking 

of the tool is more toward cosmetic 

defects, and users definitely don’t 

want a particle classification for each 

minor scratch. Because the probability 

of scratches is far higher than that of 

particles, one can argue for leaving 

the classification as a “minor defect”. 

In implementing an AVI, it is therefore 

necessary to carefully investigate the 

possible misclassifications and give a 

rationale for each class to illustrate the 

reason for choosing this specific level. 

Conclusion
Finally, do not overload an AVI system 

with requests for finding all the tiniest 

and minimalistic defects, which 

compromises the effectiveness of the 

more important tools. This method 

always leads to an instable detection 

process, and believe it or not, the more 

cameras that are added, the more false 

rejects occur. Every camera that detects 

defects always adds false rejects, which 

reduces the overall throughput. 

Although these dependencies and 

cross correlations seem to add a sort 

of confusion to the task of defining 

or building the right AVI system, 

understanding them is the only way 

to install the right AVI system for a 

specific production process. A risk-

based approach of investigating the 

particle behaviours in the specific 

container designs and materials is 

suggested to obtain the corresponding 

detection probabilities and associated 

false reject rates. With the defect 

library of a pharmaceutical company, 

one can conduct a risk analysis to 

identify the ‘real’ risks and remove the 

sole ‘potential’ risks from the listing. 

Then one can correlate this with 

the process risks of certain defects. 

In the end, the right combination 

of inspection stations and tools 

maximizes the detection of higher risk 

defects and minimizes the false rejects 

of good product. PTE

Figure 3: In an underfilled plastic container, the position probability of detecting a floating 

particle is zero.
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DRUG RELEASE WITH  

HARD CAPSULES 

Hydroxypropyl methylcellulose 

(HPMC) polymer capsules were 

developed to meet the industry 

need for a non-animal-derived 

alternative. HPMC provides greater 

compatibility with hygroscopic 

materials and avoids cross-linking 

that can occur with gelatin under 

accelerated storage conditions. The 

ability to withstand temperature 

excursions without a change in 

performance and meet religious and 

dietary requirements make HPMC an 

important capsule polymer.

Capsugel’s introduction of an HPMC 

capsule manufactured through 

thermo-gelation provided  

a means of eliminating gelling 

agents, a cause of variable in vitro 

dissolution. This gave the new 

HPMC capsules pH independent 

disintegration, and was shown  

in a human biostudy to provide 

bioequivalence compared to  

a gelatin capsule.1   

=?F@ϔOAPFPQ=KQ�CAPSULES

Launched in 2011, DRcaps™ capsules 

have delayed release properties and 

Xl]�\]mb`h]\�^il�moƉ[b]hn�]hn]lb[�

protection or gastric resistance for 

nutritional market application. These 

capsules protect the ingredients 

from fully releasing in the stomach, 

and allow complete dissolution in the 

intestine – a gamma scintigraphy 

study showed an average of 52 

gbhon]m�ni�Ƅlmn�ij]hbh`Ϋ2 DRcaps 

were also studied using a capsule in 

capsule concept. Their in vitro 

dissolution and disintegration tests 

used a double-wall DRcaps capsule 

qab[a�mb`hbƄ[Xhnes�bh[l]Xm]m�na]�X[b\�

resistance (pH1.2) and delays 

\bmmieonbih�bh�na]�jE�Ϋ��GM��ZoƂ]lΫ�

Fh�na]�n]mnή�na]�\ioZe]�@O[Xjm�\b\�

hin�]rabZbn�Xhs�mb`hbƄ[Xhn�\]eXs�Xn�

the pH6.8 JP2 stage. The study 

showed that DRcaps acid resistance 

bm�hin�XƂ][n]\�Zs�na]�jl]m]h[]�i^�oj�

to 40 percent alcohol (ethanol) in the 

dissolution media, which may help 

prevent alcohol dose dumping in 

delayed-release products. The 

l]moenm�Xemi�[ihƄlg]\�naXn�na]m]�

capsules can be considered an 

option as an extended delayed-

release oral dosage form.3

Another study – the results of which 

appeared in medical journals –  

described how investigators at 

JXmmX[aom]nnm�C]h]lXe�EimjbnXe�

used DRcaps for an unusual 

treatment of a serious medical 

problem. They used pre-screened 

frozen fecal material from healthy 

donors to treat recurrent diarrhea 

caused by ?eimnlb\bog�\bƉ[be]  

(?Ϋ�\bƉ[be]Λ�bh^][nbih�Κ?@FΛή�X�gXcil�

cause of morbidity and mortality. 

The capsules obviated the need  

for invasive procedures, thereby 

eliminated procedure-related 

complications and reduced the  

cost of treatment. Among the  

20 patients treated, 14 had clinical 

resolution of diarrhea after the  

Ƅlmn�X\gbhbmnlXnbih�Xh\�l]gXbh]\�

symptom free at eight weeks.  

The six non-responders were 

l]ϒnl]Xn]\ή�qbna�Ƅp]�jXnb]hnm� 

having a resolution of diarrhea.  

The overall rate of clinical resolution  

of diarrhea was 90 percent.4

FULL ENTERIC PROTECTION  

FOR PHARMACEUTICAL 

APPLICATIONS

Fh�eXn]�����ή�?Xjmo`]e�bhnli\o[]\�X�

functional capsule that provides a 

viable alternative for enteric 

protection and delayed release 

without adding functional coating. 

The capsules, Vcaps® Enteric, use a 

polymer blend of HPMC and 

Hydroxypropyl methylcellulose 

acetate succinate (HPMC-AS). While 

na]�jiesg]l�Ze]h\�\bƂ]lm�^lig�qaXn�

the enTRinsic capsules use, Vcaps® 

Ahn]lb[�iƂ]l�X�mbgbeXl�Z]h]Ƅnέ�mbgje]l�

enteric delivery implementation from 

early stage development to 

commercial manufacturing. 

These enteric capsules comply with 

relevant EP, JP and US 

Pharmacopeia monographs and 

have been evaluated in vitro across 

a number of compounds. The results 

show they protect the stomach from 

X``l]mmbp]�=MFm�Xh\�\]eXs�l]e]Xm]�ni�

provide maximum absorption. 

Vcaps® Enteric capsules work with 

Xee�Zon�na]�gimn�m]hmbnbp]�=MFmΫ�

How Polymer Science  
is Changing the Functional 
Role of Capsules

ADVERTORIAL

New developments in polymer science are broadening the role that 

capsules play in drug delivery, formulation science and medical research. 

Qi\Xs�ijnbihm�]rbmn�ni�X[ab]p]�bgg]\bXn]ή�\]eXs]\ή�[ihnliee]\ή�mbn]ϒmj][bƄ[�

or colon-targeted release. Specialized capsules can now play a functional 

lie]�bh�bgjlipbh`�ZbiXpXbeXZbebnsή�g]]n�na]�[ebhb[Xe�h]]\m�^il�mj][bƄ[�jeXmgX�



ENTERIC PROTECTION FOR HIGHLY SENSITIVE 

SMALL AND LARGE MOLECULES 

The enTRinsic™ drug delivery technology provides full 

enteric protection and targeted release of acid- and 

a]Xnϒm]hmbnbp]�X[nbp]�bh`l]\b]hnm�ni�na]�ojj]l�CF�nlX[n�

without the use of functional coatings. Examples include 

nucleotides and peptides, vaccines and live bio 

therapeutic products. The intrinsically enteric capsules, 

which use approved pharmaceutical polymers, have 

been shown to rapidly release at pH 5.5, allowing 

ijnbgXe�XZmiljnbih�bh�na]�ojj]l�CF�nlX[nΫ�Qa]�n][ahiei`s�

also enables formulators to accelerated product 

development of acid-labile or gastric-irritating 

compounds because the capsules eliminate the 

preparation, application, scale-up and process validation 

steps associated with functional coatings.

LOOKING FORWARD WITH FUNCTIONAL CAPSULES 

In-vivo tests have shown that soluble compounds are 

well absorbed from both HPMC-based Vcaps® Plus and 

`]eXnbh�[Xjmoe]mΫ�Fh�gimn�[Xm]mή�[Xjmoe]m�i^�]bna]l�gXn]lbXe�

perform similarly, but in some applications they don’t. 

HPMC capsules, for example, can interact with poorly 

mieoZe]�=MFm�bh�X�qXs�naXn�e]X\m�ni�X�eiq]l�[lsmnXeebuXnbih�

lXn]�bh�na]�CF�nlX[nΫ�Qabm�[Xh�Z]�bgjilnXhn�qa]h�na]l]�Xl]�

moj]lmXnolXn]\�=MFm�bh�na]�bhn]mnbh]ή�Xm�[Xh�i[[ol�qa]h�

dosing either a high-energy salt form or a weakly basic 

=MFΫ�Fh�naim]�[Xm]mή�EMJ?ϒZXm]\�[Xjmoe]m�[Xh�a]ej�

maintain super-saturation by inhibiting crystallization.  

Qa]�\]`l]]�ni�qab[a�[lsmnXeebuXnbih�bhabZbnbih�XƂ][nm�

in-vivo performance will depend on a particular application, 

but HPMC has the potential to play a role as a functional 

excipient which improves bioavailability.5 Capsugel’s 

Bend, OR, formulators predict approximately 40 percent of 

molecules are weakly basic, having a basic pKa between 

2 and 7, and almost all these compounds are poorly 

water soluble. This indicates that there are many 

[igjioh\m�naXn�[ioe\�Z]h]Ƅn�^lig�EMJ?ϒZXm]\�[Xjmoe]mΫ6

SUMMARY 

Today’s HPMC capsules are more than an alternative to 

`]eXnbh�[Xjmoe]mΫ�Qa]s�iƂ]l�Xh�XllXs�i^�ijjilnohbnb]m�ni�

improve drug delivery. From research to human dosing, 

HPMC capsules provide predictable delivery of simple, 

immediate-release formulations and address the complex 

needs of targeted release, moisture protection, and enteric 

delivery. The variety of HPMC capsules now available, 

combined with a host of innovative strategies and 

n][ahiei`b]m�^il�\lo`�\]ebp]lsή�iƂ]l�X�g]Xhm�i^�X\\l]mmbh`�

na]�[aXee]h`]m�i^�ni\Xsφm�=MFm�Xh\�jlipb\]�X�jeXn^ilg�ni�

develop patient centric formulations that incorporate the 

next generation of molecules in development.

Dissolution variations introduced by gelling systems in HPMC capsules

Enteric release without the need for coating  

with Vcaps® Enteric capsules
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Contact details

BENEO-Palatinit GmbH

Maximilianstr. 10, 

68165 Mannheim, Germany

Tel. +49621421150

Fax. +49621421160

info@galenIQ.com

www.galenIQ.com

BENEO-Palatinit GmbH

Hall 10.2, Stand 102D13

Company description
BENEO offers a versatile range of water-

soluble filler-binders. The company’s 

excipient galenIQ™ is the optimal choice 

for the formulation of solid as well as 

liquid oral applications and is particularly 

useful in paediatric formulations.

Major products/services 
being exhibited
galenIQ™ is the pharmaceutical grade of 

BENEO’s ISOMALT, a disaccharide alcohol 

derived from beet sugar. With its well-

balanced sweetness, the filler-binder has 

no significant off-tastes or aftertaste. 

galenIQ™ reduces the bitter taste of 

active pharmaceutical ingredients (APIs), 

masks the unpleasant taste of ingredients 

such as plant extracts, and contributes 

to a palatable pleasant taste profile and 

mouthfeel in the final product.

galenIQ™ is primarily considered 

to be a soluble filler-binder for tablets 

and powdered products. Additionally, 

it is used to coat solid dosage forms, 

as a component in hot melt extrusion 

processes, and it has improved the 

taste of many medicines, even in liquid 

applications.

 All galenIQ™ grades show the 

multifunctional characteristic such as 

excellent compactibility, flowability, 

and very low hygroscopicity. galenIQ™ 

has a specific morphology preventing 

segregation and thus ensuring content 

uniformity, which makes it suitable for very 

high dose as well as low dose applications. 

galenIQ™ is the perfect excipient for easy 

tabletting.

galenIQ™ complies with the isomalt 

monographs of the current Ph Eur, BP, 

USP–NF and JP and is approved in China 

(with an Import Drug License).

Contact details

Capsugel, now a Lonza company

Rijksweg 11, Bornem 2880, Belgium

Tel. +33 3 89 20 57 25

solutions.emea@lonza.com

www.capsugel.com

Capsugel, now a Lonza company

Hall 4.1, Booth 41B10

Company description
Capsugel—now a Lonza company—

designs, develops, and manufactures a 

wide range of innovative dosage forms 

for the biopharmaceutical and consumer 

health industries. Our unique combination 

of science, engineering, formulation and 

capsule expertise enables our customers 

to optimize the bioavailability, targeted 

delivery and overall performance of their 

biopharmaceutical and consumer health 

products. Now part of one of the world’s 

leading and most-trusted suppliers to the 

pharmaceutical, biotech and specialty 

ingredients markets, the entire Lonza 

group harnesses science and technology 

to create products that support safer 

and healthier living and that enhance the 

overall quality of life. 

More information on www.capsugel.com

Major products/services 
being exhibited
Visit Capsugel’s booth and meet the 

team to discuss your challenges in 

Bioavailability Enhancement, Targeted 

Delivery, Inhalation Drug Delivery and 

Encapsulation technologies 

Discover our growing portfolio of 

functional capsules for oral & pulmonary 

route, for solid, semi-solid or liquid 

formulations, for immediate or modified 

release.

Hear Capsugel’s experts at the Pharma 

Insight Conferences on the latest trends 

and innovation!
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Contact details

Catalent Pharma Solutions

14 Schoolhouse Road, Somerset, NJ 

08873, United States of America

Tel. EU/ROW: 00800 88 55 6178

solutions@catalent.com

www.catalent.com

Catalent Pharma Solutions

Hall 4.1, Booth 41G10

Company description
Catalent Pharma Solutions offers its 

partners end-to-end solutions from 

drug formulation and drug delivery 

technologies to manufacturing and 

clinical supply services.

With more than 80 years’ experience 

across prescription and consumer 

markets, Catalent has the deepest 

expertise, the broadest offerings, and 

the most innovative technologies to help 

get more molecules to market faster, 

enhance product performance and 

provide superior, reliable manufacturing 

and packaging results.

From a single, tailored solution, to 

multiple answers throughout a product’s 

lifecycle, Catalent can improve the total 

value of treatments, and accelerate 

programmes to clinic and beyond.

Major products/services being 
exhibited
At CPhI, Catalent will showcase several of 

its advanced development, drug delivery 

and manufacturing solutions, including its 

multi-award-winning OptiForm® Solution 

Suite.

OptiForm Solution Suite is fast, flexible 

and fact-based, combining the broadest 

selection of enabling technologies to 

ensure the right decisions are made at 

each stage of a molecule’s development.

Designed to assist small and mid-

sized innovators, the scope of OptiForm 

Solution Suite has now been extended 

to include more comprehensive early 

candidate screening tools, ADME 

considerations, and in silico DMPK 

modeling, additional bioavailability 

enhancing tools, materials for cGLP 

intravenous and oral toxicological studies, 

and cGMP materials for first-in-human 

studies.

The service provides innovators with 

a data-driven approach and thorough 

characterisation of drug molecules, 

including consideration of downstream 

processing and optimal dose design for 

the intended patient group: improving 

the chances of success in the clinic and 

beyond.

Contact details

Colorcon Limited

Flagship House

Victory Way Crossways

Dartford Kent DA2 6QD, UK

Tel. + 44 1322 293000

Fax. 44 1322 627200

jkennelly@colorcon.com

www.colorcon.com 

Colorcon Limited

Hall 10.2, Booth 102B90

Company description
Colorcon is a world leader in the 

development, supply and technical 

support of formulated film coating 

systems, modified release technologies, 

and functional excipients for the 

pharmaceutical industry. Our best-

in-class products and technologies 

are complemented by our extensive 

application data and value-added 

services to support all phases of solid 

oral dose design and development. 

Our focus on market issues and 

technology development has earned 

Colorcon an international reputation 

as a pharmaceutical supplier of choice. 

That reputation is based on the superior 

product quality, unparalleled technical 

support, and extensive regulatory 

assistance we provide.

Major products/services 
being exhibited
Visit Colorcon for the most insightful 

experience of your week. Whether you 

are in the market to increase coating 

capacity and productivity without the 

need for extra capital investment, or 

ready to learn about how our latest 

on-line tools can help shorten your 

Take the

Productivity Challenge

Visit Colorcon, Hall 10, Stand 2B90

From Core to Coating – Your Supplier of Choice

development time and get to market 

faster, our team are on hand to show 

you how. So, step up and “Take the 

Productivity Challenge” by visiting 

Colorcon Hall 10.2, Stand 102B90; you’ll 

be amazed at the savings you can 

discover with Opadry® QX.
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Contact details

Dr. Paul Lohmann GmbH KG

Hauptstrasse 2, 

31860 Emmerthal, Germany

Tel. +49 5155 630

Fax. +49 5155 63 5818

sales@lohmann4minerals.com

www.lohmann4minerals.com

Dr. Paul Lohmann GmbH KG

Hall 11.0, Booth 110C22

Company description
Dr. Paul Lohmann GmbH KG provides 

approx. 400 high-purity Calcium-, Iron-, 

Magnesium-, Zinc- and other mineral salts 

to the pharmaceutical and nutraceutical 

industries. In our GMP, FSSC 22000/

ISO 22000 and DIN EN ISO 9001:2015 

certified facilities we manufacture 

according to different pharmaceutical and 

food monographs or to our customers’ 

specifications. We can modify chemical 

and physical parameters and offer 

customized packaging and labeling. Our 

newest products are minerals low in 

endotoxins, granular product grades for 

direct compression and special grades 

for nutritional supplements. To support 

our customers in their regulatory affairs 

we prepare ASMFs/DMFs and have 

CEPs available for a growing number of 

products.

Major products/services being 
exhibited
As one of the world’s few GMP-certified 

manufacturers of mineral salts, during 

this CPhI we will be showcasing our 

competences for the Pharma industry:

• Innovative products: Zinc Ascorbate 

and Potassium Magnesium Citrate

• Low in Endotoxins Minerals

• Wide range of customized APIs and 

excipients for various applications

Contact details

Dow Europe GmbH

Bachtobelstrasse 3

CH-8810 Horgen

Switzerland

www.dowpharmasolutions.com 

Dow Pharma Solutions

Hall 10.2, Both 102A50

Company description
Dow Pharma Solutions, a business of 

DowDuPont Specialty Products Division, 

designs differentiated solutions that 

help address some of the most pressing 

health challenges today. We develop 

functional excipients, active 

pharmaceutical ingredients (APIs) and 

medical-grade adhesives to help 

patients around the world live healthier, 

more convenient and enjoyable lives.

Major products/services 
being exhibited
AFFINISOL™ solubility Enhancement 

Polymers, METHOCEL™ DC2 & 

ETHOCEL™ HP polymers designed to 

enhance the productivity of tablet 

manufacturing, Dow Corning® BIO-PSA 

Standard Silicone Adhesives for 

transdermal drug delivery and Dow 

Corning® topical ingredients and 

excipients.
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Contact details

Eurofins BioPharma Product Testing

pharma@eurofins.com

www.Eurofins.com/Biopharma

Eurofins BioPharma Product Testing

Hall 4.0, Booth 40D30

Company description
Eurofins BioPharma Product Testing offers 

the most complete range of testing services, 

harmonized quality systems and LIMS 

to more than 2,000 pharmaceutical and 

biopharmaceutical companies worldwide.

With a global capacity of more than 

92,000 square meters and facilities 

located in Australia, Belgium, Canada, 

Denmark, France, Germany, Ireland, Italy, 

India, Netherlands, New Zealand, Spain, 

Sweden, Switzerland, UK and the US, our 

network of GMP laboratories and vast 

experience allow us to support projects 

of any size from conception to market. 

Further, we have teams of scientists 

placed at more than 70 client facilities 

worldwide through our award-winning 

Professional Scientific Services® (PSS) 

insourcing program.

Major products/services 
being exhibited
We offer the flexibility to manage your 

testing programs more efficiently through 

your choice of three unique service 

models, including our award-winning 

Professional Scientific Services® (PSS), 

Full Time Equivalent (FTE) or traditional 

fee-for-service. You can choose the best, 

most cost-effective service solution 

for your project goals. Our breadth of 

services includes:

•  Method establishment, including 

method development, feasibility, 

optimization, cGMP qualification and 

validation, as well as verification of 

compendial methods

•  Comprehensive stability and release 

programs for clinical and marketed 

products

•  Complete biochemical and chemical 

characterization and microbial 

identification

•  Raw material and excipient testing 

(USP/NF, EP, JP)

•  Production and non-production cell 

banking including full characterization

•  Lot release/unprocessed bulk testing

•  Process/facilities validation, including 

viral clearance, residual impurities 

testing, extractables & leachables, 

water testing, environmental 

monitoring, disinfectant efficacy and 

on-site sample collection

• Consulting/protocol writing 

• GMP Manufacturing

Contact details

Gerresheimer

40468 Düsseldorf 

Tel. +49 211 6181-0 

Fax. +49 211 6181-295 

info@gerresheimer.com

www.gerresheimer.com 

Gerresheimer

Hall 4.2, Booth D02

Company description 
Gerresheimer is a leading global partner 

to the pharma and healthcare industry. 

With specialty glass and plastic products, 

the Company contributes to health 

and well-being. Gerresheimer operates 

worldwide and its approximately 10,000 

employees manufacture products in 

local markets, close to its customers. 

With plants in Europe, North America, 

South America and Asia, Gerresheimer 

generates revenues of around EUR 1.4 

bn. The company’s comprehensive 

product portfolio includes pharmaceutical 

packaging and products for the safe, 

simple administration of medicines: 

insulin pens, inhalers, prefillable syringes, 

injection vials, ampoules, bottles and 

containers for liquid and solid medicines 

with closure and safety systems as well 

as packaging for the cosmetics industry. 

Gerresheimer innovations at 
CPhI Worldwide 
With Gx InnoSafe, Gerresheimer 

introduces a syringe with an integrated 

safety system for the avoidance of 

needlestick injuries that fulfils the current 

requirements of the pharmaceuticals 

industry and of users equally. The Gx Elite 

vials have set new standards for type 1 

borosilicate glass vials. Gerresheimer’s 

Duma Pocket with their oval shape, 

extremely handy containers look more 

like boxes of sweeteners, chewing gum, 

or peppermints. The type A eye-dropper 

bottle with fixed TE-ring in accordance 

with the new FDA regulations.
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Contact details

HERMES PHARMA – a Division of 

Hermes Arzneimittel GmbH

Georg-Kalb Strasse 5-8

82049 Pullach, Germany

Tel. +49 89 79102 261

info@hermes-pharma.com

www.hermes-pharma.com

HERMES PHARMA – a Division of Hermes Arzneimittel GmbH

Hall 8.0, Stand 80H51

Company description
HERMES PHARMA is the expert 

in developing and manufacturing 

effervescent and chewable tablets, 

lozenges, instant drinks, and orally 

disintegrating granules. These user-

friendly dosage forms 

 •  Are easy to swallow—even for 

people with dysphagia.

 •  Taste great—even if the API is bitter.

 •  Are easy to ingest—even with a 

large API content or dosage size. 

 •  Can be taken with or without liquids 

to suit the individual.

 •  Offer a variety of choices in terms of 

flavor.

 •  Improve patient experience through 

enhanced convenience.

 •  Allow greater amounts and different 

combinations of API to be delivered 

in a single dose, simplifying 

treatment regimens.

 •  Help to increase compliance and 

boost treatment effectiveness.

For over 40 years, HERMES PHARMA has 

been working with healthcare companies 

around the globe to expand their product 

lines and grow their brands. From 

product development and formulation to 

manufacturing and regulatory support, we 

offer expert advice and customized solutions 

at every point along the value chain.

HERMES PHARMA is a division of Hermes 

Arzneimittel GmbH, a German healthcare 

company with a rich portfolio of successful 

OTC brands.

Contact details

Grifols International, S.A.

Parc empresarial Can Sant Joan

Av. de la Generalitat, 152-158

08174 Sant Cugat del Vallès 

Barcelona - SPAIN

Tel. (34) 935 712 199

marga.vines@grifols.com

www.partnership.grifols.com

Grifols International, S.A.

Hall 4.1, Stand 41J52

Company description
Grifols is one of the world’s leading 

pharmaceutical companies with 30 

subsidiaries and operations in more than 

100 countries. Grifols Partnership is a 

business-to-business contract 

development and manufacturing platform 

for sterile solutions and lipid emulsions 

with over 75 years’ experience in 

producing intravenous solutions for the 

pharmaceutical industry worldwide.

Major products/services
being exhibited
Experience in the intravenous solutions 

market and a solid commitment to 

quality make Grifols Partnership a reliable 

and efficient strategic partner for your 

contract manufacturing needs. 

Our high level of specialization allows 

us to offer pharmaceutical development 

and manufacturing for products that 

require advanced technology and 

complex production processes such as 

sterile solutions and lipid emulsions.

Grifols Partnership has two FDA- and 

GMP-approved manufacturing facilities in 

Spain for intravenous solutions that have 

parametric release certification.

Grifols Partnership works together 

with the customer from the early 

stages of development to commercial 

manufacturing industrial batches.

• Pre-formulation and development

• Scale-up and technology transfer of 

methods

• Validation batches

• Process scale-up and pilot production 

including 10/300L reactors

• ICH stability studies

• Analytical development and validation

• Clinical batches

• Dossier support documentation

• Commercial manufacturing of

industrial batches

• Labelling and packaging

Technological capabilities:

• Aqueous (LVP & SVP)

• Diluents for reconstitution

• Emulsion technology

• Form Fill Seal (FFS) technology for PP bags

• Manufacture and filling of oxygen and 

light sensitive products

• Terminal sterilization

Container Technologies

• Vials: 5mL to 50mL, glass and plastic

• Glass Bottles: 50mL to 500mL

• Flexible Polypropylene IV Bags:

50mL to 3000mL
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Contact details

Midas Pharma GmbH

hotmelt@midas-pharma.com

www.midas-pharma.com/fpd

T +49 6132 990-0

Bluepharma Group

hotmelt@bluepharma.pt

www.bluepharmagroup.com

T +351 239 800 300

Midas Pharma GmbH

Hall 8.0, Booth 80K10

Company description
About Midas:

Midas Pharma is an innovative, technology 

driven international pharmaceutical 

company with a successful track record in 

developing and manufacturing “difficult to 

make” products (NCEs as well as Gx). We 

serve our customers, with most of whom 

we enjoy long standing relationships and 

who range from “big pharma” to major 

generic players, since nearly 30 years. Midas 

has no competing own marketing activities. 

Business Model:

Midas is flexible, also with regard to 

business models. When applying specialized 

technologies in our development projects, 

we usually work on a “fee for service” basis. 

In addition, we also have a lot experience 

with milestone based licensing agreements 

or co-development type of collaborations.

Our People:

With almost 200 employees worldwide, 

we have expertise in all stages of the 

pharmaceutical value chain—from 

precursor material of active ingredients 

to market-ready finished drug products. 

The majority of our staff has a technical 

background, two thirds have an academic 

degree, with one third holding PhDs. 

We know how to overcome technical 

hurdles.

Major products/services 
being exhibited
What Midas offers:

In close collaboration with our partner 

Bluepharma, we are considered to be the 

only Hot Melt Extrusion (HME) technology 

provider in the EU capable of handling high 

potent APIs. Our small scale equipment is 

also eligible for highly expensive APIs, as we 

could start trials from only 2g of formulation. 

Multiple GMP certifications (e.g. EU, FDA, 

ANVISA) as well as a Controlled Drug 

Licence are regularly renewed. We have 

hands-on working experience with HME 

and related technologies since more than 

10 years. As an “one stop shop“, we provide 

flexible modular offerings as individually 

required, starting from initial HME feasibility 

testing up to commercial manufacturing. 

Our experienced patent team and clinical 

experts as well as our regulatory affairs 

professionals, who take care of the dossier 

compilation and registration, stand by with 

their broad services as requested. Our 

licensing team has successfully completed 

numerous high value out-licensing deals.

Contact details

Novo Nordisk Pharmatech A/S

Koebenhavnsvej 216

Tel. +45 5667 1000

Fax. +45 5667 1001

nnprinfo@novonordiskpharmatech.com

www.novonordiskpharmatech.com

Novo Nordisk Pharmatech A/S

Hall 8.0, Stand 80M43

Company description
High-purity quaternary ammonium 

compounds (Quats)

Novo Nordisk Pharmatech A/S is a leading 

worldwide supplier of recombinant insulin 

for cell growth media and pharmaceutical 

grade quaternary ammonium compounds 

(Quats) for the pharmaceutical, 

biopharmaceutical, and personal care 

industries.

These products are manufactured to 

the highest cGMP standards (ICH Q7), and 

in both product areas the company has 

distinguished itself for:

 • Global regulatory compliance

 • Consistent high quality

 • Extensive regulatory documentation

 • Continuous availability

 • Secure global supply chain

 • High levels of service and support.

An innovative synthesis process makes 

Novo Nordisk Pharmatech a leading 

supplier of Benzalkonium Chloride, 

Cetrimide and CTAB. High levels of 

purity make them particularly suited 

for pharmaceutical applications, such 

as vaccine production. They act either 

as preservatives or active ingredients 

in many ophthalmic, nasal, oral, and 

topical drugs and in a variety of solutions, 

ointments, and creams. Their purity and 

characteristics are also ideal for a range 

of personal care products. 

Major products/services
being exhibited
FeF™ Benzalkonium Chloride Ph.Eur., 

USP–NF, JP

FeF™ Cetrimide Ph.Eur.

FeF™ Strong Cetrimide Solution 40% 

BP Pharma with Ethanol

FeF™ Strong Cetrimide Solution 40% 

BP Pharma with isopropyl alcohol

FeF™ CTAB USP/NF

Novo Nordisk
Pharmatech A/S
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Contact details

PanReac AppliChem

Polígono Pla de la Bruguera, 

C/ Garraf 2 E-08211 Castellar del 

Vallès (Barcelona) Spain

Tel. +34 937 489 400

Fax. +34 937 489 401

customerservice.es@itwreagents.com

www.itwreagents.com 

PanReac AppliChem

Hall 10.2, Booth 102G43

Company description
In 2010, the ITW Reagents division 

was born integrated by the companies 

Panreac Química SLU (Spain) and Nova 

Chimica Srl (Italy), and later on by 

AppliChem GmbH (Germany). With the 

aim of bringing together the experience 

and know-how of these three well-

established companies, the division 

offers the highest quality and innovative 

products for analysis, research and 

production applications.

The division has two production plants 

in Darmstadt (Germany) and Barcelona 

(Spain). From development, all the way 

through to commercialization, they offer 

high quality, scalability, and flexibility of 

small to large scale production. 

Nowadays ITW Reagents markets its 

products worldwide through an extensive 

distribution network to more than 80 

countries under the PanReac AppliChem 

brand.

Major products/services 
being exhibited
We will take part at CPhI Worldwide 

2017 to promote our excipients and 

raw materials for the Pharmaceutical, 

Biopharma and Veterinary industries:

•  Pharma grade product range meets 

the specifications defined in the latest 

version of USP and Ph. Eur., among 

other pharmacopeias. Documents and 

certificates are available under request: 

BSE/TSE, GMO, residual solvents, trace 

metal residues, allergens, etc.

•  BioChemica and Cell Culture grade 

guarantee stable and consistent 

biopharmaceutical production process. 

For further information contact us at 

customerservice.es@itwreagents.com 

or meet us at CPhI Worldwide 2017 (Hall 

10.2, stand 10.2G43).

Contact details

Patheon

4815 Emperor Blvd; 

Durham, NC 27703

Tel. 919.226.3200

www.patheon.com/en-us

Patheon

Hall 4.1, Booth 41C10

Company description
Patheon, a part of Thermo Fisher 

Scientific, provides end-to-end 

pharmaceutical services to support the 

entire biotechnology and pharmaceutical 

lifecycle. Thermo Fisher’s pharma 

services solutions helps customers 

accelerate innovation and drive 

productivity in the drug development and 

commercialization process—from small 

and emerging to large biotechnology and 

pharmaceutical companies for both large 

and small molecules. www.thermofisher.

com/patheon. 

Major products/services 
being exhibited
Major services offered: Drug substance 

and drug product development, clinical 

trials manufacturing, clinical trials 

packaging, clinical material distribution 

and logistics, drug substance and drug 

product commercial manufacturing, 

lifecycle management and generic 

manufacturing. 
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Contact details

Peter Huber Kältemaschinenbau AG

Werner-von-Siemens-Strasse 1

77656 Offenburg / Germany

Tel. +49-781-96030

Fax. +49-781-57211

info@huber-online.com

www.huber-online.com 

Peter Huber Kältemaschinenbau AG

Hall 4.0, Booth 40H02

Company description
Huber Kältemaschinenbau is technology 

leader for high precision thermoregulation 

solutions in research and industry. Our 

products ensure precise temperature 

control in laboratories, pilot plants and 

production processes throughout the 

whole world—from -125 °C to +425 °C. 

The company employs approximately 

300 employees at its headquarters in 

Offenburg and operates internationally 

with offices and trading partners. More 

than 250,000 Huber temperature control 

products are in use in science, research and 

industrial applications. In 2017 Huber has 

been awarded with the “TOP 100 Innovator” 

seal for being one of the most innovative 

medium sized companies in Germany.

Major products/services 
being exhibited
Dynamic Temperature 
Control Systems
Unistats are ideal for rapid and very 

precise temperature control of externally 

connected applications. 

• Petite Fleur, Grande Fleur, Tango

• Unistats down to -60°C

• Unistats down to -120°C

• Unistats HT up to +425°C

• Unistats P with high pressure pumps

Chillers/Recirculating Coolers
Unichillers are ideal for environmentally-

friendly and economic cooling in 

laboratory and industry. 

• Minichiller

• Unichiller (air- or water-cooled)

• Rotacool

Bath and Circulation 
Thermostats
Classic bath and circulation thermostats 

with an open bath for many heating and 

cooling applications. 

• Immersion thermostats

• Bath/circulation thermostats

• Cooling circulators, Ministats

Contact details

R-Pharm Germany GmbH

Heinrich-Mack-Str. 35 

89257 Illertissen; Germany

Tel. +49 (0) 730312 274

CMO-Germany@r-pharm.com

https://germany.r-pharm.com/

R-Pharm Germany GmbH

Hall 4.1, Stand 41L02

Company description
R-Pharm Germany GmbH is a CDMO with 

more than 40 years of manufacturing 

heritage. We are producing and packaging 

medical products and nutritional 

supplements for patients in more than 

150 countries worldwide. 

Full Service
Put your products in good hands—

starting with the formulation and 

analytical development of drugs and 

nutraceuticals as well as the optimization 

of formulation concepts. 

Made in Germany
Next to commercial conventional 

manufacturing and blister/bottle/wallet-

packaging we provide top-notch facilities, 

technologies and expertise to ensure safe 

and fully automated operation through 

all phases of complex and high potent 

manufacturing and packaging (OEB 4/5). 

Batch sizes are scalable from 0,5 kg up 

to 700 kg. 

Ready for the world market
We cover all currently known market 

requirements for SERIALIZATION & 

AGGREGATION and meet the highest 

technical and organizational standards. 

We have the software architecture and 

capabilities for bundling, case packaging 

and palletizing. 

Approved by Authorities: 
US FDA, EMA, ANVISA, Korean FDA, 

Canadian BOH, PMDA Japan, NAFDAC, 

Turkish MOH, Saudi Arabia, Russian 

Ministry of Trade and Industry

Major products/services being 
exhibited
• Formulation and Development

• Scale Up

• Manufacturing (OEB 1-5)

• Packaging/Serialization & Aggregation

• Analytics & Stability Studies
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Contact details

Rommelag CMO, works Holopack 

Verpackungstechnik GmbH

Bahnhofstrasse 18, 74429 

Sulzbach-Laufen, Germany

Tel. +49 7976 9600 

mail.hp@rommelag.com

www.rommelag.com 

Rommelag CMO, works Holopack Verpackungstechnik GmbH

Hall 4.0, Booth 40D20

Company description
Rommelag CMO provides you with quick 

and easy access to BFS technology 

without having to invest in either the 

mandatory GMP environment that goes 

with it or the specialists required to 

operate and maintain the machines. What 

we offer is the whole spectrum, including 

the entire infrastructure itself, over 50 

years’ experience in bottling using BFS 

aseptic systems, and the expertise you’d 

only get from the inventors of bottelpack 

technology. 

With over 50 systems in a whole host 

of different configurations, Rommelag 

CMO runs one of the world’s largest, 

most state-of-the-art bottelpack system 

ranges. It goes without saying, we’re 

ideally placed to meet your bottling needs 

in no time at all and at minimum cost. 

So whether you’re looking for help with 

trial batches, the development phase 

(including feasibility studies, stability 

tests, and clinical samples) or getting 

batches ready for market, we’ve got it all 

covered.

Major products/services being 
exhibited
We are able to fill the following 

applications:

• Eye, ear and nasal drops

• Homeopathy

• Inhalations

• Infusions and injections

• Rinsing solutions

• Orals

• Cremes, ointments and gels

• Wound care products

• Vaginal applications

• Rektal applications

• Disinfectant solutions 

• Diagnostika

• Biologicals

• Vaccines

• Biotechnological products

Contact details

Rovi Contract Manufacturing

Julian Camarillo, 35, 28037 Madrid

Tel. +34 91 375 62 45

clopezdehierro@rovi.es

www.rovicm.es 

Rovi Contract Manufacturing

Hall 4.1, Booth 41A40

Company description
Contract Manufacturing Services for 

injectable (prefilled syringes, vials) and 

solid forms (tablets, coated tablets, hard 

capsules, sachets). FDA-approved & GMP-

certified manufacturing facilities.

Major products/services 
being exhibited
Technology Transfer/Manufacturing, 

Packaging, Testing & Release
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Contact details

Umicore Precious Metals Chemistry

Rodenbacher Chausee 4, 

63457 Hanau-Wolfgang, Germany

Tel. +49 6181 59 2471

Fax. +49 6181 59 2970

chemistry@umicore.com

pmc.umicore.com 

Umicore Precious Metals Chemistry

Hall 6.0, Booth 60D53

Company description
Umicore Precious Metals Chemistry 

is part of the Umicore group, a global 

materials technology company with 

locations around the world. With over 

50 years experience in the platinum 

group metals chemistry and 20 years 

experience in organometallics, Umicore 

PMC is dedicated to continuous 

improvement and investing in sustainable 

technology.

Our focus is co-creating with our 

customers to innovate their process 

for next generation technologies. 

Collaborating and co-creating is the 

future of problem solving across many 

industries, including complex chemistry. 

We offer an integrated long-term 

collaborative partnership approach to 

research, development and commercial 

manufacturing of complex chemistry 

needs for sustainable technologies. 

Our deep understanding of industry 

regulations, and our experience in 

writing our own, enable our customers 

to benefit from the proud reputation we 

have earned in sustainable technologies, 

sourcing and ethical practice. Through 

working together, we can produce 

solutions to long-standing issues and 

create ground-breaking science to 

pioneer future products across many 

industries.

Major products/services 
being exhibited
At Umicore Precious Metals Chemistry we 

are exhibiting our exclusive, metal-based 

chemical solutions for various markets 

including pharmaceuticals, chemicals, 

electronics and automotive. 

Some of our key services being 

exhibited at CPhI in Frankfurt are: 

1. Advanced homogeneous catalysts 

2. Umicore CX cross-coupling catalysts

3. Umicore M metathesis catalysts

4.  High potency organic and metal-based 

APIs

5.  Exclusive development and synthesis 

of high potency APIs
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Focusing on whether the product meets its defined quality attributes should help 

one make reasonable, documentable, and defendable risk-based decisions, according 

to Susan Schniepp, distinguished fellow at Regulatory Compliance Associates.

Q.: I am a quality assurance professional in a manufacturing 

plant. I still struggle with the concept of risk-based

decision making. Can you provide me some advice on how I

can make appropriate risk-based decisions?

A.The pharmaceutical industry continues to change 

rapidly. Over the past 10–15 years, there have been a

number of developments that have impacted how companies

approach various aspects of their business including the 

emergence of the generic industry, biosimilars, virtual 

companies, contract service organizations, mergers and

acquisitions, and more sophisticated information technology 

platforms. The complexity of the industry today makes risk-

based decision making seem convoluted at best.

Risk-based decision making is difficult no matter what 

position or department you are in at a company or how 

many years you have been in your position. Most employees

are comfortable when the answer seems to be yes or no. It

is much harder to make a decision when the answer lies 

somewhere in-between the yes and no. So, how do we go

about making an appropriate risk-based decision? There isn’t

any magical formula or calculation to guide you. To make 

an appropriate risk-based decision, we need to understand 

the interrelationship of the product, process, and any 

associated deviations and investigations that occurred during

manufacturing.

Let’s take a look at a situation that might help clarify the risk-

based decision process. You are the vice-president of quality 

for a manufacturing organization. One of your products for 

treatment of cancer is on the drug shortage list because the 

current API supplier has decided they will no longer provide 

the API. You were trying to secure a new API manufacturer but

could not find one that could reliably provide the API that met

the expected quality attributes, so the company has decided to

cease providing the drug to the market.

You have the last three available lots of the API and have

manufactured the associated final product lots. The product

is aseptically filled and then lyophilized. During the inspection

of the second product lot, the quality inspectors inform you 

that they have detected a defect and the lot has failed its 

second acceptable quality limit (AQL) for the defect. The

defect detected is defined as product between the vial and

the stopper and it displays as a white dot the size of the head

of a pin. The standard operating procedure (SOP) defines 

this defect as ‘cosmetic’. The inspectors also inform you that

they expect the product lot will fail the third AQL inspection

and that the product will need to be rejected per standard 

operating procedure requirements. They also inform you that 

the product has passed all other quality attributes including

those determined by chemical analysis and that there were no

deviations associated with the manufacturing. You ask your 

inspectors to halt the inspection for this particular defect while

you look into the matter. The question you need to ask is: what 

further information do I need in order to be sure I make an

appropriate decision? 

The easy decision is to perform the third AQL inspection,

fail the lot if it doesn’t pass, and document the reason for the

failure. The harder decision is to make a risk-based decision to

release the lot. Let’s take a look at some additional information

available to help you make your decision. The first thing to 

determine is the medical indication for the product. In this 

case, the product is a cancer treatment drug. The second piece 

of information to determine is if the cosmetic defect has any 

impact on the potency of the product. In this case, through

laboratory analysis, it is determined that the potency or

stability of the product is not affected by this particular defect.

Based on this information, you document a material review

of the situation and recommend ceasing inspection of the 

cosmetic defect and releasing the product. 

What information made you comfortable in making this 

decision? Because this is a life-saving drug that is in short 

supply, you realize that doctors will potentially need all

of this product to be able to safely transition patients to 

an equivalent treatment because it could take more than 

one treatment cycle for the doctors to find an appropriate 

drug substitution. You were also able to determine through 

chemical analysis the potency was unaffected by the defect 

and would not pose a threat to patient safety. You will still 

need to investigate the defect and try and determine its

root cause, but based on the data available you should be

confident that the product is safe for the patient. If there 

is any magic formula to risk-based decision making, it is

to keep patient safety in mind and focus on whether the

product meets its defined quality attributes. If you keep

these points in mind you should be able to make reasonable,

documentable, and defendable risk-based decisions. PTE

Making Decisions 

Based on Risk

ask the expert



Tried and trusted
Robust and reliable instrumentation for high-speed, high-resolution analysis

www.shimadzu.eu /nexera-xr

The Nexera XR modular UHPLC system com -
bines the flexibility clients need with the 
reli ability they want. Tried and trusted high
performance modules provide the optimum
system for analytical challenges in pharma-
ceutical and environmental indus tries as well
as in biochemistry, chemistry and the food
market.

On the safe side
with the 660 bar Nexera XR all-round system 
reliably providing accurate data, always

The flexible choice
enables configuration of customized systems
to meet specific application requirements 

The sensible option
offers a choice of detectors providing 
excellent sensitivity, baseline stability and
reproducibility
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custom solutions.
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Catalent. More products. Better treatments. Reliably supplied.™    

us + 1 888 SOLUTION (765-8846)  eu + 800 8855 6178  catalent.com/manufacturing

TECHNOLOGY TRANSFERS 
& LAUNCHES

Proven track record of product launches 

in multiple markets, with the analytical, 

development, project management, 

regulatory and operational expertise to 

support successful technology transfer at 

any phase of the development cycle. 

CUSTOM SUITES & 
SCALABLE SOLUTIONS

Global infrastructure and business models 

to provide unique manufacturing solutions. 

Flexibility to design dedicated suites, and 

scalable capacity and integrated services to 

support small orphan programs through to 

large network rationalization strategies. 

SPECIALIZED HANDLING 
& TECHNOLOGIES

Expertise in manufacturing technologies 

to improve efficiency, reliability, and 

safety, packaging technologies for 

serialization, and special handling 

experience across +300 potent, cytotoxic, 

hormonal and controlled substances.

YEARS OF EXPERTISE 
Product development to 

commercial manufacturing

DOSES 
MANUFACTURED 
ANNUALLY

NEW PRODUCTS IN 
DEVELOPMENT 
180+ launched annually

23 GLOBAL MANUFACTURING SITES  
with $1B+ invested in capacity and capability over the last 5 years

come & visit 

us at

cphi 2017

stand 41g10
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