ANSWERS TO REVIEWER’S COMENTS:    

Dear Dr. Apte,

Thank you for the rapid review of the manuscript “Investigation of thermal and viscoelastic properties of polymers relevant to hot melt extrusion, III: Polymethacrylates and methacrylic acid based polymers” by Parikh et al. (#346-1821-1).  We thank the reviewer for their valuable comments.

Reviewer A:
1. This manuscript does not present any new information. The glass transition temperatures of the polymers, their DSC and DTA profiles etc are already available in the public domain.
It is true that some of the information such as glass transition temperature is available from the various sources such as manufacturers of the polymers as well as in peer-reviewed research articles (which uses different experimental conditions to gather such information). The present manuscript provides the information relevant to hot melt extrusion processing in one place. The same uniform characterization techniques were applied for the polymers used in this article. We believe that such data determined under identical conditions will be very valuable to the pharmaceutical scientists and will help the development of ideal melt extrusion process.


2. It is not clear what is to be achieved by subjecting these polymers to conditions mimicking HME without including plasticizers or model drugs. This is an extremely atypical condition that will seldom be encountered in practice. If the intent is to probe the physicochemical properties of these polymers, the relevance of this to HME is highly questionable.

Polymers are major components of solid dispersions. Hence, a thorough understanding of the viscoelastic behavior of polymers under stress will provide a starting baseline on which the formulation can be built further on. The authors agree with the reviewer that during a typical HME process various excipients other than polymer and actives are used and they will affect the viscoelastic behavior of a melt. In order to understand this, we are actively working to develop a systematic approach, first step of which was to understand the physicochemical properties of polymers in identical conditions, which was submitted here. Second step was to understand the impact of small molecules such as active ingredients on rheological properties. This will be submitted as two more manuscripts for publication using model drugs along with polymers.

3. As already stated, the relationship between the glass transition temperature and branch chains, molecular weight and/or monomer distribution is known in the literature. There is not logical to use high molecular weight polymers for HME if the resulting complexes are supposed to provide
immediate release or fast dissolution profiles.
Generally it is known that various factors such as molecular weight, chain length of polymer, chemical composition of the monomers and structural arrangement of co-polymers are known to affect the Tg. However, a systematic comparison that showed the major contributing factor that dictates glass transition of polymethacrylates could not be found. The present work compares the thermal properties of polymethacrylate based polymers with different molecular weights, different branching and different monomer ratios and shows that chain branching had a major impact on glass transition rather than polymer molecular weight. Thus the idea was to probe the physicochemical properties of polymer using which readers could decide the best polymer for their application.

Regarding the second comment by the reviewer, it is well known that HME has multiple applications other than preparation of immediate release products. For example, in recent years, there has also been interest in the pharmaceutical field on the use of melt extrusion to prepare modified and delayed release drug products. It is expected that the high molecular weight polymers may provide controlled release of both hydrophilic and hydrophobic drugs. Our aim is to provide a literature work on physicochemical properties that would aid a broad range of application in formulation development. We should also mention here that along with high molecular weight polymers, we have also investigated low molecular weight polymers such as Eudragit RL PO, Eudragit RS PO and Eudragit E PO.


4. How representative are the elastic and viscous flow properties of the polymer 'slug' when compared to the actual HME? Was some kind of co-relation established between the pressures used to form the slug versus its properties as it would behave if it were heat extruded?


All polymers were compressed by applying uniform pressure of 5000 pounds for 5 seconds and resulted in slugs of uniform thickness; also the pressure used to prepare the slugs does not affect its rheological properties. The viscoelastic flow properties of polymers are inherent properties that will dictate the flow of a polymer at applied heat and stress. During rheology study, the polymer slug was exposed to a fixed amount of applied strain of 0.5% at fixed angular frequency of 0.1 rad/ sec within the linear viscoelastic region to obtain the inherent viscous and elastic flow of polymer at various temperatures. Based on our earlier accepted work with pyrrolidone based polymer and with some of the recently published work with polymethacrylates, cited in the current article, it is found that there is a good correlation between viscoelastic properties of polymers and actual hot melt extrusion process.

5. Torque versus extrudability may only apply to the equipment used by the authors. In practice, orders of magnitude more torque can be applied for a given viscosity of polymer.

Since it might be possible that some readers may have similar questions as the reviewer did, we have added the following paragraph in the first accepted manuscript (Investigation of thermal and viscoelastic properties of polymers relevant to hot melt extrusion, I: Polyvinyl based copolymers by Gupta et al.) accepted in Journal of excipients and Food chemicals and which is referred in this current work:

 “The extrudable temperature range in Table 1 has been determined by the Process 11 melt extruder where 100% torque was reached at 12 Nm using moderate shear screw design. It is possible that higher torque may be obtained by using larger melt extruders and thus more rigid materials may be extruded. However, as shown in Figure 11, the slopes of the complex viscosity graphs in the exponential scale as a function of temperature are very steep, indicating that not much advantage with respect to lowering the melt extrusion temperature may be obtained by using larger equipment. Moreover, if the materials are stiff and rubbery and do not flow well, the drugs may not mix or dissolve adequately in the polymer during melt extrusion. The extrudable viscosity of 10000 Pa.s and lower was first reported by Kolter et al. (9), and the results of the present investigation validate their findings. If 10000 to 1000 Pa.s is selected as the extrudable viscosity for a polymer or a formulation and the processing temperature is identified accordingly, it will be easier to scale up the process from the laboratory scale using smaller extruder to the manufacturing scale with the larger extruder”.  

If we focus on the presented data it is shown that polymer such as Eudragit L 100-55 which has a Tg of 111°C remain rubbery in nature with complex viscosity greater than 10,000 Pa.s, even above its degradation temperature. Thus at such high viscosity, there may not be complete miscibilization of the drug and a molecularly dispersed solid dispersion may not be obtained. Even if the polymer is forced out of the extruder using an instrument with high torque capacity (as most of manufacturing scale extruders have), a molecularly dispersed solid dispersion may not be obtained, which would result in physically unstable formulation. 


 We hope that the above explanation will satisfactorily answer the questions and concerns of the reviewer. We will be obliged if you would kindly accept the manuscript for publication.
