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A common obstacle encountered in the
early stages of drug development is the
formulation of poorly water-soluble drugs
(PWSDs). One effective approach to
improve the dissolution of PWSDs is to
render such drugs into their amorphous or
disordered form. However, amorphous
materials are both physically and
chemically unstable, and tend to revert
back to their crystalline state when
exposed to the physical and thermal
processes that are typically involved in the
production of oral dosage forms. The
authors have developed a novel
formulation approach based on directly
freeze-drying a solution of a PWSD held
in a gelatin capsule. Such an in-situ
approach circumvents processing
instability issues and unexpectedly led to
a marked increase in the dissolution of
nifedipine (t1/2 = 1.88 ± 0.05 minutes)
when compared to the equivalent
marketed product. In this article we
discuss the quality control challenges and
how quality control was applied to our
novel amorphous formulation platform…
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DRUG candidates that show poor solubility and low

dissolution rates are a frequent challenge for the

pharmaceutical industry, as expensive strategies are

required to overcome this limiting oral bioavailability.1-4 A

solubility of >60µg/mL is a typical target for developable

drugs, as this solubility usually leads to a satisfactory

absorption provided the drug has acceptable

permeability.5

Improving a drug’s kinetic solubility by means of

dissolution rate enhancement techniques is typically

based on the governing factors of the Noyes-Whitney

equation.1,2,6 One strategy is to increase particle surface

area using processing techniques such as spray drying or

milling. Such techniques exert physical and thermal stress

and therefore are unsuitable for thermally sensitive

drugs.7-10 An alternative is to render a PWSD into its

amorphous state by creating a molecular dispersion of the

drug in a water-soluble carrier.2,6,11 However, formulating

amorphous materials is a challenge, as they are

thermodynamically metastable12 and will revert back to

their crystalline form when stored at a temperature where

nucleation is thermodynamically and kinetically

favourable.13,14



Crystallisation is influenced by other environmental

conditions, such as humidity. Thus, poor environmental

control will add risk to the manufacturing, processing,

packaging and storage of amorphous medicinal products.

The chemical instability of drugs in their amorphous form

is also reported to be higher when compared to their

crystalline equivalents.15,16 This has been attributed to the

enhanced level of molecular mobility observed in

amorphous materials. Although amorphous systems are

not new to the pharmaceutical field, the strategies

employed to increase stability and the analytical tools

required to measure the success of these approaches vary

considerably.11,17 The selection and development of

robust quality control procedures for amorphous

pharmaceutical products is therefore difficult to achieve,

and a range of methods are usually deployed.

One parameter that is nearly always measured in

amorphous materials is the glass transition temperature

(Tg).17 When an amorphous material is heated, the hard

rigid glass converts into a less viscous supercooled liquid.

The midpoint in this process is the Tg, and above this

temperature the higher mobility within the system permits

a much faster rate of crystallisation and chemical

degradation.18,19 Rapidly heating and cooling a mixture of

a drug in the presence of a polymer will usually result in a

glassy solid solution; hot melt extrusion is based on this

approach. If thermal stability of the drug under

development cannot be assumed, alternatives are

required. One approach is the rapid removal of a solvent

from a solution containing the drug – with limited time to

permit nucleation and crystal growth, a disordered or

amorphous material results.

Freeze drying is based on solvent removal – first by freeze

concentration, followed by sublimation, and then finally by



evaporation.20 The authors’ article in Issue 3 of European

Pharmaceutical Review gives a succinct overview of the

freeze-drying process.21 Formulations produced by this

method are highly porous, low-density solids, which are

extremely fragile, making secondary processing difficult.

Thus, the majority of freeze-dried medicinal products are

formed in-situ within their primary packaging, eg, blister

packs or ampoules.22 The successful Zydis platform

technology is a good example of where the dosage form,

in this case an orally disintegrating tablet, is freeze-dried

in-situ within its blister pack.

Figure 1: Top left clear gelatin capsules filled with TBA based feed
solution of nifedipine, bottom left, Red opaque gelatin capsule to
prevent light induced degradation of nifedipine. Photo on the right;
Scanning electron microscope (SEM) of freeze-dried capsule bottom
and non-freeze dried capsule top, no damage is observed in the
structure of the freeze dried capsule bottom.

This approach is often used for the formulation of poorly

soluble compounds; for example, loratadine. A novel but

logical progression of this in-situ approach is the direct

freeze-drying of a drug-containing solution preloaded in a

standard gelatin capsule. This will allow small batches of

a novel amorphous formulation to be prepared and tested,

which is useful for when limited amounts of the drug are

available early in the development cycle. The authors have

recently prepared an in-situ freeze-dried capsule



formulation for the insoluble drug nifedipine (Figure 1).

Surprisingly, the current marketed capsule’s dissolution

rate was three times slower than our capsule – 80% of the

10mg dose of nifedipine was dissolved within six minutes

from the in-situ freeze-dried capsule (Figure 2).

Figure 2: Dissolution profile of the TEVA soft gel 10mg nifedipine
capsule and our novel in-situ freeze-dried capsule (purple), containing
10mg of nifedipine dispersed with PVP to form a 10% w/w solid
amorphous solution (orange). Average T80 for the marketed
formulation is approximately three times longer than that of the in-situ
capsule FD formulation (10% w/w NIF in PVP). Error bars represent
standard error of n=3.

The specific hydrogen-bonding interactions of nifedipine

with the water-soluble polymer polyvinylpyrrolidone (PVP)

and the high porosity of the freeze-dried cake within the

capsule were the mechanistic basis for this improvement

in dissolution.23 The marketed formulation was a liquid-

filled capsule and, upon disintegration of the capsule, a

dispersion of oil/lipid droplets formed. Thus, the dissolution

data indicates that the nifedipine from the marketed

formulation is retained within these droplets; however,

when presented in an amorphous dispersion with PVP,

nifedipine is able to diffuse far more quickly into the



dissolution media.23

The first challenge in the development of our capsule

formulation was to confirm the quality of the feed solution

added to the capsule prior to freeze-drying. Using water –

the traditional freeze-drying solvent – proved impossible,

as even in the presence of PVP a sufficiently concentrated

solution of nifedipine was impossible to achieve. Tert-

butanol (TBA) proved successful – it dissolved enough of

the drug to deliver a dose of 10mg of nifedipine to each

capsule and the vapour pressure above its frozen solid

allowed a good rate of sublimation. Thus, the feed solution

contained just nifedipine, PVP and TBA. During

development, solubility measurements of the nifedipine in

this solvent system were required for each polymer drug

ratio, grade and batch of the polymer.

Typical QC tests for freeze-dried amorphous cakes include

quantification of residual water content, determination of

the glass transition and collapse temperature, uniformity

of weight and content. The additional QC challenges for

our capsule concerned drug purity and capsule

performance. Considering purity, nifedipine suffers from

light-induced degradation, so chemical purity had to be

confirmed during each stage of manufacture and also

during testing. Simply excluding light from the feed

solutions, freeze-drier and the dissolution testing, achieved

specification. Hard gelatin capsules that contain a GRAS

(generally recognised as safe) red colouring were used to

maintain the drug content during storage (Table 1). The

stability indicating HPLC assay developed for this study

was able to identify the degradation products and showed

that the amorphous formulations suffered significant

chemical instability, but this could be arrested by the use

of red capsules instead of the clear form that were initially

used.



Table 1: Summary of stability study for the novelTable 1: Summary of stability study for the novel

in-situin-situ freeze-dried capsule formulation freeze-dried capsule formulation

All data = averages ± SE of n=6All data = averages ± SE of n=6
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Quality

parameters

Quality

control test
Specification

Average values ± standard error

0 months

3 months

25 oC

57% RH

3 months

37 oC 74%

RH

Physical

Weight of

formulated

capsule

(mg)

201 ± 20 201.57
±

0.3
200.4

±

0.3
201.06

±

0.7

https://www.europeanpharmaceuticalreview.com/linkout/72786


stability Tg (oC) 2nd

heat

– 130.3 ±

3.6

125.0 ±

2.2

125.2 ±

0.8

Crystalline

NIF % w/w
0% 0.00

±

0.0
0.0

±

0.0
0.0

±

0.0

Chemical

stability

Degradation

products

(%)*

<5% 0.00
±

0.0
0.0

±

0.0
0.0

±

0.0

Performance

of

formulation

Drug

content

(mg)

10 ± 0.5 9.6
±

0.12
9.4

±

0.1
9.4

±

0.1

Rate

constant for

dissolution,

k, (min-1)

– 0.4
±

0.1
– – 0.4

±

0.0

T80 (min) < 20 min 4.8
±

0.2
– – 5.3

±

0.1

* Degradation products include: 4-(2-nitrosophenyl)-

pyridine homologue and 4-(2-nitrophenyl) pyridine

homologue

QC testing supporting development

The early incorporation of pharmacopeia-recommended

QC testing proved very important to the development of

the new nifedipine capsule. For example, when

investigating the optimum drug to polymer ratio, simply

considering the BP uniformity of weight and drug content



revealed that formulations with 10% w/w nifedipine in

PVP complied more closely with BP regulations, while

higher nifedipine to PVP content showed high variations

(RSD% >2%) in unit dosage weight. The prototypes all

contained the same 10mg dose of nifedipine, but with

varied amounts of PVP; formulations containing < 50%

w/w with respect to PVP had drug contents below the BP

acceptable range of 10 ± 0.5 mg. It was concluded that

low PVP content can reduce the strength of the FD cake,

making it more susceptible to yield loss while under the

high vacuum of the freeze-drying process, thus leading to

variations in weight and the loss of drug. A simple

conclusion, but derived from the early use QC testing.

A similar approach was used to discover the best

composition to provide a fully amorphous formulation.

Decreasing the ratio of nifedipine to PVP lowered the

amount of crystalline nifedipine in the freeze-dried

formulations. Using a differential scanning calorimetry, a

quality-control-based assay was developed to quantify

crystalline content in manufactured formulations. Capsules

containing ≤50% w/w nifedipine in PVP showed an

absence of crystalline nifedipine, a key specification to

ensure enhanced dissolution rate. Furthermore, glass

transition temperatures increased as the %w/w of

nifedipine in PVP decreased.

Maintaining a high Tg is an important means of promoting

physical stability of amorphous drug, thus it was set as a

QC test for the novel in-situ freeze-dried capsule

formulation to ensure desirable specifications are

maintained (Table 1). In addition to the absence of

crystallinity, the specifications set out in Table 1 include

the QC dissolution test, which was based on the BP

specification for the marketed fast-release nifedipine

capsules and was set at 20 minutes for 80% dissolved.



QC consideration for the freeze-dried
hard gelatin capsule shells

The effect of the freeze-drying process on the quality of

gelatin hard capsules was also investigated following the

World Health Organization (WHO) general monograph for

quality control of capsules.

FT-IR analysis of treated and untreated capsules was

compared to determine if the process of freeze-drying had

caused chemical changes. The correlation between the

two sets of capsules (for the range 4,000-400 cm-1) was

>97%, indicating that no chemical changes to the gelatin

capsule shell were induced by freeze-drying. Furthermore,

following the WHO guidelines, the uniformity of mass of

the treated gelatin hard capsules was determined. All 20

capsules tested showed less than 2% deviation from the

average weight, therefore complying with the WHO limit

of 10% deviation from the average weight.

Following the international pharmacopeia guidelines24 on

disintegration testing of hard capsules, freeze-dried

capsules were tested using the basket-rack apparatus

described in section 5.3 of the international

pharmacopoeia.24 All freeze-dried capsules disintegrated

in 5.1 minutes, while the non-freeze-dried capsules

disintegrated within 5.5 minutes. Thus, the freeze-drying

process did not significantly affect the disintegration

performance of the hard gelatin capsule shells. Both

freeze-dried and non-freeze-dried capsules complied with

the international pharmacopoeia limits for hard gelatin

capsule disintegration time of <30 minutes.24

Considering and meeting the challenge of quality control

early within an academic-led research project has proved

to be extremely important, in showing that our new

platform technology works, but also that it can meet, and



in some cases outperform, the pharmacopeia

specifications.
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