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Pharmaceutical manufacturers are conscious of the consequence of
manufacturing operations and full compliance with regulatory requirements to
maintain commercial success. Historically emphasis was placed on quality
control measures based on final product testing, leading to quality assurance and
theoretically avoidance of product rejection or withdrawals. With new FDA
regulatory guidance's such as SUPAC, Quality-by Design (QbD), PAT (Process
Analytical Technologies), Critical Quality Attributes (CQAs) and ICH Q8
“Process Design Space” guidelines a more intrinsic science based and data
driven approach is in place. Sequences of operations during drug product/
formulation development processes along with prior knowledge of drug
substance manufacturing and in-process fingerprinting or process modifications
via PAT and CQA tools are tightly controlled while processing is still ongoing.
There are critical sources of variability linked to processing conditions during
functional coating operations that require a more in depth understanding as
they can significantly impact product stability, dissolution rate, bioavailability
and in-vivo performance. In order to dependably apprehend CQAs and Critical
Process Parameters (CPPs), it is essential to guarantee that each of the stages in
the manufacturing processes is robust, and useable as an effective control
strategy for the drug product and its specifications.
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Objectives:
Conventionally, scanning electron, transmission microscopy, Raman, Near
Infrared (NIR) spectroscopy, terahertz, fluorescence and nuclear magnetic
resonance imaging have been used to characterize tablet coating structure. This
study highlights use of CLSM in fluorescence mode to investigate coat-core
interface of coated pellets and tablets using fracturing technique (to avoid surface
contamination) rather than microtome sectioning.
Method:
Omeprazole and core forming excipients (lactose, MCC, HPMC, talc, Na3PO4,
SLS, MgO and Mg(OH)2) were wet-mixed followed by extrusion and
spheronization. Formed cores were placed in a fluid bed coater and coated directly
with an enteric coating (EC) dispersion composed of Eudragit L 100 or HPMC
phthalate, cetyl alcohol, acetone and ethanol mixture. Commercially available EC
Pancreatic mini-tablets were also analyzed. Coated pellets were fractured
diametrically and analyzed using Leica DM4000B florescence microscope and
Carl Zeiss LSM 710 NLO confocal fluorescence microscope at four
excitation/emission wavelength pairs, sequentially. Samples of coat-core interface
and actual coated cores were analyzed for stability using DSC, HPLC & NMR.
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Results:
 The images obtained with fluorescence and confocal laser microscopy show that

externally, the coating layer is uniform and smooth, while at the inner
interfaces (i.e. Coat-core interfaces) a boundary or various morphologies with
their actual qualitative nature are apparent.

 The physical morphology at a glance appears to be similar in both approaches,
illustrating a well-defined core and coat(s). In the case of confocal images,
however, a bright discontinuous fluorescing boundary of about 2-15 µm,
identical to the core content immediately on the periphery of the core next to
the applied coating layer, is evident. Further evidence of qualitative
composition and inner structures can be seen in an enteric coated Pancrelipase
mini tablet after fracturing based on fluorescence color via composite images.

 Analysis of such boundaries by obtaining composite images using all four
channel wavelengths indicated that the boundary is composed of the core
material only, with insignificant levels of degradation based on an earlier work
using DSC, HPLC and NMR analyses (see AAPS Pharm Scitech 2014, in press).

Summary and Conclusion:
 In general integrity of coating can be evaluated by in-vitro dissolution study or

via SEM (Scanning electron microscopy), fluorescence or CLSM, at a micro
scale.

 The results of the two approaches implemented in this work clearly
demonstrate that both techniques are sufficiently useful in showing the actual
integrity and functional character of the coating layer(s).

Images showing the 
interfaces which is 
mainly discontinuous 
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to the core composition 
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CLSM Images at different wavelength pairs acquired sequentially

Fluorescence images 
for drug layering on 
sugar seed and two 
different batches (A 
and B) produced by 
extrusion and 
spheronization 
followed by direct 
application of enteric 
coating viewed under 
different 
magnifications. Note 
the absence of any 
visible sub-coat.

Left panel-showing large sub-coat and a thinner enteric-coat.    Right  panel- showing thinner 
sub-coat with a thicker enteric coat layer in the case of Pancrelipase.

CSLM images of enteric-
coated mini-tablets of 
Pancrelipase with 3D 
illustration.
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Summary and Conclusion continued:
 The powerful nature of CLSM can provide more details regarding the exact nature of  coating 

interfaces and potential interactions due to fluorescing color  and morphology of any layer or 
chemical-physical reactivity at the coat-core  interface in the form of a discontinuous or 
sporadic islands . 

 The appearance of a brighter-fluorescing, discontinuous boundary (see 2 photon image)
immediately at the interface of the core-coat was identified, a phenomenon that is the result of
surface dissolution of the drug and excipients in the coating solvent during the initial
impingement, wetting and spreading over the core substrate followed by rapid solvent
evaporation, drying and solidification.

 Both core materials and the interface showed similar fluorescence with inconsistent and
disjointed, uneven interface with no real resemblance to a typical sub-coat layer or “in-situ
layer formation” occasionally cited in patents and/or literature.
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