
C10 Formulation
Interpretation 

(formulation vs C10)

Compendial testing

Bulked density (g/mL) 0.29 ± 0.01 0.32 ± 0.01 -

Tapped density (g/ml) 0.38 ± 0.01 0.40 ± 0.01 -

Hausner ratio 1.28 ± 0.01 1.24 ± 0.03
Slightly decreased 

compressibility

Carr index 21.90 ± 0.82 19.6 ± 1.83
Slightly decreased 

compressibility

Angle of repose (°) (25 mm) 44.3 ± 1.2 41.9± 2.7 Improved flowability

Angle of repose (°) (15 mm) NA 45.0 ± 1.5 Improved flowability 

Dynamic evaluation (FT4)

Stability index 0.56 ± 0.01 0.91 ± 0.01 Improved stability 

Basic flow 

energy (mJ)
42.1 ± 2.6 92.0 ± 2.4

Excellent flowability 

for both 

Specific energy (mJ) 4.0 ± 0.1 4.7 ± 0.1
Both free flowing 

with low cohesion

Flow rate index 3.9 ± 0.2 2.2 ± 0.1 Improved shear rate sensitivity 

Compressibility (%) 10.9 ± 0.2 7.9 ± 0.2 Decreased compressibility

Slug test (size #0)

Fill weight 275 mg 275 mg
Good plugs were formed with 

forces adapted for tamping 

process. Height of plugs is 

adapted to size #0

Force applied 45 N 45 N

Plug height 15.4 mm 16.1 mm

Plug aspect Good Good
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Introduction

Review and follow all product safety instructions. All information in this presentation corresponds to Lonza’s 
knowledge on the subject at the date of publication, but Lonza makes no warranty as to its accuracy or 
completeness and Lonza assumes no obligation to update it. All information in this presentation is intended for 
use by recipients experienced and knowledgeable in the field, who are capable of and responsible for 
independently determining the suitability and to ensure their compliance with applicable law. Proper use of this 
information is the sole responsibility of the recipient. Republication of this information or related statements is 
prohibited. Information provided in this presentation by Lonza is not intended and should not be construed as a 
license to operate under or a recommendation to infringe any patent or other intellectual property right. All 
trademarks belong to Lonza or its affiliates and are registered in US, EU and/or CH, or belong to their respective 
third party owners and are only being used for informational purposes. Third party copyrights are used under 
license. © 2026 Lonza. All rights reserved.
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Oral bioavailability of large molecules remains a major 
challenge in the pharmaceutical industry. Indeed, most 
emerging drug modalities, including peptides, PROTACs, 
and siRNA, exceed 500 Da in molecular weight, which 
seriously limits their absorption along the gastro-intestinal 
tract. Consequently, these molecules are typically delivered via 
subcutaneous injection to ensure systemic exposure, despite 
the drawbacks of invasiveness and reduced patient adherence.

To overcome these limitations, formulation strategies aimed 
at enhancing oral absorption are gaining increasing attention. 
Among them, the use of permeation enhancers such as sodium 
caprate (C10) has shown promise in improving intestinal 
permeability [1,2]. In parallel, enteric dosage forms offer 
protection against gastric acidity and enzymatic degradation 
while enabling targeted release in the small intestine[3], where 
the surface area for absorption is maximal. Ready-to-fill bilayer 
enteric capsules represent a practical solution to achieve 
enteric protection without additional coating steps.

The objective of this study is to develop (1) a formulation 
suitable for large-scale capsule filling incorporating a high 
amount of C10, and (2) a capsule with preserved enteric 
properties with high level of C10 to support the oral delivery 
of new drug modalities.

Methods
Material

Optimized C10 was kindly provided by Ashland. Vivapur®102 (MCC) 
was provided by JRS and magnesium stearate (MgSt) was acquired 
from Sigma. Size #0 Capsugel® Enprotect® capsules were manufactured 
at industrial scale. 

Formulation preparation

70% C10 was first blended with 29.5% MCC during 10 min at 49 rpm 
using a Turbula® mixer (Erweka). 0.5 MgSt was added to the pre-blend 
which was mixed at 100 rpm for 2 additional min. 

C10 and formulations characterization 

Optical Particle Size Distribution (OPSD) of C10 
was evaluated with Morphologi 4 (Malvern).

Flowability and compressibility behavior of C10 and associated formulation 
were tested on Erweka GT and SVM II (Erweka). Slug test was performed on 
C10 and C10-based formulation to evaluate their ability to form a plug to be 
filled in size #0 capsules using a slug tester (Sauter). Plugability is used to 
evaluate the encapsulation ability of powders on tamping filling machines. 

Capsule manufacturing and characterization

Customized size#0 HPMC/HPMC-AS capsules including a hydrophobic agent 
were manufactured on pilot scale capsule manufacturing equipment using 
Capsugel Lonza proprietary technology to manufacture bi-layer capsules [4]. 

Disintegration test 

Capsugel® Enprotect® or customized capsules were filled with C10 (n=6) 
and disintegration tests were performed for 2 hrs in HCl 0.1N followed by 
1 hr in buffer pH 6.8 using a DT2 disintegrator (Sotax), in accordance with 
EP pharmacopeia.

Dissolution test 

The two-step dissolution was performed by placing unsealed capsules 
filled with uncoated pellets of Esomeprazole magnesium trihydrate (EMT), 
an acid sensitive model API in a USP apparatus type II (paddle) for 2 hours 
in HCl 0.1N followed by 1 hour in phosphate buffer pH 6.8.

Fig 1: Morphologi 4, Malvern Panalytical Fig 2: Slug tester, Sauton Fig 3: fT4, 
Micromiretics

Fig 4: Dipping step of capsule 
manufacturing process 

Fig 5: DT2 
disintegrator, Sotax

Conclusion

Combination of 70%C10 with 29.5%MCC and 0.5%MgSt presented suitable characteristics to be filled on industrial capsule filling 
equipment and could serve as pre-mix to enhance oral bioavailability of large molecules. Large quantities of C10 can be encapsulated 
in customized enteric capsules. Compatibility studies need to be performed on extended duration to confirm the results.

Results
Table 1: Compressibility and flowability characteristics of pure C10 and developed formulation 

(NA=Not Applicable)

Fig 7:  Plugs formed on slug tester, 
(A) 275 mg pure C10 at 45N, (B) 275 mg 
formulation at 45N .

Fig 9: exemplar 
images of 
(a) Capsugel® 
Enprotect® 
capsule filled 
with C10 after 
1h30 in HCl 0.1N 
and (B) custom 
enteric capsule 
filled with C10 
after 2h in HCl 
0.1N

Fig 6:  Particle size distribution of C10 in (A) number and (B) volume.

Fig 8: (A) Dissolution profile of EMT encapsulated in 
Capsugel® Enprotect® and customized enteric capsules, n=6

OPSD of C10 shows a mean diameter of 13 µm with a DN50 at 
7 µm in number and a D[4;3] of 155 µm with a DV50 at 144 µm. 
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Disintegration test 

During the disintegration tests of 
Capsugel® Enprotect® capsules filled with 
C10, 4/6 showed holes in the capsule shell 
after 90 min in HCl 0.1N. Disintegration test 
was performed with C10 and showed that no 
capsule opened after 2 hrs in HCl 0.1N, 
Figure 8 B and C.

Dissolution test 

Dissolution profiles of custom capsules was 
compliant EP and USP pharmacopeia, 
Figure 8 A. 
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