Microdosing of Pharmaceutical Products into Capsules
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Abstract

Introduction
In the pharmaceutical industry a wide range of capsule filling systems, which employ different technologies and principles, are used. Hard capsules can be filled in several ways from manual preparation to fully automated industrial production (Podczeck and Jones 2004). The current trend in pharmaceutical industry is to manufacture small doses (< 50mg) of potent active pharmaceutical ingredient (API) for early research clinical trials using drug in capsule approach and as an inhalation formulation (Ashurst et al., 2000). These low doses pose challenges during manufacturing (Edwards 2010, Eskandar et al., 2011, Llusa et al., 2013). One opportunity to fill very low doses is to use capsule fillers with vibration assisted gravimetric feeding (i.e. MG2 Microdose, Capsugel Xcelodose®S, and 3P Innovation Fill2weight). These filling systems are of special interest for their capability of filling with doses in the range between 0.1 mg and 100 mg in capsule. Therefore, these systems need in-process control to confirm the accuracy and uniformity of the filled weight. 
The MG2 Microdose system can be operated in several ways: as stand-alone unit (speed depending on operator), on the lab scale machine (Labby) with a production speed up to 700 capsules per hour (CPH) and installed on the high end industrial machine (Planeta) with an output of approximately 3000 CPH, depending on product type. 
The present study aims to investigate the feasibility of filling microdoses of diverse APIs and excipients (single or multi dose) using the MG2 Microdose System.
Materials and Methods
For the present study, the MG2 Microdose System was used as a stand-alone unit. In this dosing principle, the capsule body is filled directly via a sieve merged with a vibrating plate (“pepper shaker principle”). Figure 1 shows the operating principle of the system. Hard gelatin capsules (size 3, Capsugel) were filled up to target weights ≤ 5mg. The amount of powder dispensed is a function of different material attributes and process parameters. The vibration amplitude as well as its frequency can be adjusted to achieve the desired fill weight. This is done either manually or by using a PID controller. Further the diameter and number of holes in the sieve have major influence on capsule fill weight. The latter is measured during each dosing event by a capacitance system, allowing full traceability of the samples. Model powders with different material attributes were selected and analyzed regarding their vibration dependent filling attributes. With the knowledge of the filling behavior of every single model substance, combinations of the latter were successfully dosed into single capsules. All experiments were performed under controlled temperature and humidity to avoid moisture uptake.
Results
The controlled parameter in our study is the amplitude of vibration during feeding a target weight of 5 mg. When the target is reached the vibration stops and amplitude goes to zero (Figure 1). Our results demonstrate that highly accurate dosing can be achieved using adequate vibration settings. It was possible to prevent overdosing, non-uniform capsule fillings and varying filling times originating from inhomogeneous powder beds on the vibration plate. We plan to characterize flow behavior of powders as a function of amplitude and frequency.
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Figure 1: Controlled parameters in mcirodose system
Conclusion

The filling behavior of the model substances could be related to their critical material attributes (CMAs) and to the critical process parameters (CPPs). Furthermore, we demonstrated how the model powders can be filled most precisely (single and multidose). Accurate filling of several substances into single capsules with the Microdose system seems highly promising from the perspective of personalized medicine.
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Figure2: Microdose Operation Principle
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