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Stability of a drug in a pharmaceutical formulation is a critical 
issue and should be guaranteed by the manufacturer prior to 
commercialization of a product. Regulatory authorities in each 
country are responsible for carefully monitoring the compliance with 
the accepted guidelines for example the ICH ones [1]. Formulator 
pharmacists of pharmaceutical industries always make sure about the 
drug stability in “preformulation” process [2].

Recent studies on the interaction of drug with excipients 
have highlighted the need for monitoring such incompatibilities 
inside a formulation matrix. Different types of interactions such as 
transacylation, the Maillard browning reaction, acid base reactions and 
physical changes are discussed in the literature [3]. Among these the 
Maillard type reaction will be referredd as a model interaction in the 
following text.

The most common methods in detecting the drug-excipient 
incompatibility include;Differential Scanning Calorimetry (DSC) 
and Fourier Transform Infrared Spectroscopy (FTIR) [4-14]. DSC 
is a fast and reliable technique in detecting drug stability. Samples in 
this method are always prepared as binary and or tertiary mixtures 
including the drug substance combined with only one of the excipients 
in each experiment [4,15]. The argument is performed by disappearing 
or partially diminishing the melting endotherm of the drug in its 
1:1 “W/W” binary mixtures with excipients [11-13,16]. Care should 
be done because this event may be related to another phenomenon 
such as dissolution of the drug in the molten excipient [17]. The 
enthalpy calculations can be made to show any difference of the 
observed thermal events in the presence of the excipient.  Although 
this method introduces useful data, it is still so far from providing 
real incompatibility documentation. A problem with DSC method 
is that it only provides a simple distinguish between compatible and 
incompatible excipients.

Despite DSC, the FTIR analysis can open a way to understanding 
the type of incompatibility. Samples for FTIR can be in liquid, solid and 
or semisolid state. As in DSC, the components are reduced to binary 
or tertiary mixtures to be able to realize the type of the interaction. 
It is common to use isothermal stress conditions for all sample types 
to decrease time needed to initiate the reaction. In solid samples it is 
recommended to add small quantities of water, again to accelerate the 
chemical reaction along with the isothermal stress conditions [15].

FTIR can track the changes and report the disappear or creation 
of vibrational peaks in the spectrum of the reaction mixture. In the 
Maillard type incompatibility the formation of Imine vibration and 
diminish in amine vibrations is expected [12,18].

So far, the possible incompatibility is detected and some probable 
mechanisms have been proposed successfully using DSC and FTIR 
techniques.

Reaction of a drug with excipient can be studied on a full adduct 
mixture or on the completely separated adduct, using extraction, 
Micro-extraction and or any other separation methods. Other than 
the most common HPLC method, Liquid-Liquid Extraction (LLE) and 

Solid Phase Extraction (SPE) techniques are most prevalent separation 
methods used in drug excipient interaction studies [19].

Liquid chromatography (LC), Mass Spectroscopy is a confirmatory 
method to prove the proposal [20]. First a good separation should be 
performed using LC. In this step a PDA detector is a useful equipment 
because it can produce an important factor called “peak purity”. 
The importance of this factor can be explained by the presence of 
degradation products due to drug instability or incompatibility with 
the formulation matrix (Excipients). Thus a key factor in further 
estimations is the purity of the observed peaks in the chromatograms 
to ensure that only one analyte is eluted in each peak.This process leads 
to setting a stability indicating HPLC method [14,16,21-23]. Then the 
method can be transferred to a preparative column in order to prepare 
excess amounts of each analyte according to the observed peaks in the 
resulted chromatogram [24]. The collected peaks can be analyzed by 
FTIR, Mass and or NMR (Nuclear Magnetic resonance) to reach a 
good explanation of the reaction mechanism [23].

Sometimes researchers only report the remaining drug content in 
each formulation without explaining the possible interaction products 
and or pathways. This is also truth if the LC method used in the study 
was confirmed to be a stability indicating one.

The LC method with a mobile phase free from salts can be 
successfully transferred to an ESI-LC-Mass system [25]. If the PDA 
detector was not used to check the peak purity in the initial method set 
up, here in LC-Mass the same can be down with checking the Single ion 
current (SIC). LC mass can confirm the mass of the resulted peaks using 
m/z values and provides some fragmentation patterns that can be used 
to prove the chemical structure of a analyte. LC/Mass-Mass is another 
powerful method to track the fragmentation patterns in detail and also 
to provide multiple reactions monitoring (MRM) chromatograms [11-
13,25]. In this mode, a collision cell is placed between the first and the 
second quadrupole to induce collision between ions using an inert gas. 
Thus a forced fragmentation will be produced and the system can be 
programmed accordingly to record the presence of each ion related to 
its major fragmented ion. 

Although it is not a common method in monitoring drug stability 
in pharmaceutical formulations due to almost large and pure samples, 
if needed NMR studies add a more detailed argument to what was 
proposed so far [14]. 
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