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ABSTRACT

Studies of active drug/excipient compatibility represent an important phase in the preformulation
stage of the development of all dosage forms. The potential physical and chemical interactions
between drugs and excipients can affect the chemical nature, the stability and bioavailability of drugs
and, consequently, their therapeutic efficacy and safety. The present review covers the literature
reports of interaction and incompatibilities of commonly used pharmaceutical excipients with
different active pharmaceutical ingredients in solid dosage forms. Examples of active drug/excipient
interactions, such as transacylation, the Maillard browning reaction, acid base reactions and physical
changes are discussed for different active pharmaceutical ingredients belonging to different therapeutic categories viz antiviral, anti-inflammatory, antidiabetic, antihypertensive, anti-convulsant, antibiotic, bronchodialator, antimalarial, antiemetic, antiamoebic, antipsychotic, antidepressant, anticancer, anticoagulant and sedative/hypnotic drugs and vitamins. Once the solid-state reactions of a
pharmaceutical system are understood, the necessary steps can be taken to avoid reactivity and improve the stability of drug substances and products.
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INTRODUCTION

Preformulation is the first step in the rational
formulation of an active pharmaceutical
ingredient (API). It is an investigation of the
physical-chemical properties of the drug substance, alone and in combination with
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excipients. Assessment of possible incompatibilities between the drug and different
excipients is an important part of preformulation. The formulation of a drug substance frequently involves it being blended with
different excipients to improve manufacturability, and to maximize the product’s ability
to administer the drug dose effectively.
Excipients are known to facilitate
administration and modulate release of the
active component. They can also stabilize it
against degradation from the environment.
J. Excipients and Food Chem. 1 (3) 2010
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Most excipients have no direct pharmacological
action but they can impart useful properties to
the formulation. However, they can also give
rise to inadvertent and/or unintended effects
such as increased degradation of the drug.
Physical and chemical interactions between
drugs and excipients can affect the chemical
nature, the stability and bioavailability of drug
products, and consequently, their therapeutic
efficacy and safety (1).
There have been several approaches proposed
that satisfy the requirements of a drug-excipient
chemical compatibility screen. The most
resource sparing of these approaches is
computational, where drug-excipient chemical
compatibility can be predicted. This requires a
comprehensive database of reactive functional
groups for both drugs and excipients, combined with an in-depth knowledge of excipients
and their potential impurities. Such an approach provides a rapid analysis and requires no
bulk substance. However, there are inherent
risks with using this computational approach as
the sole source of information.
Binary mixture compatibility testing is another
commonly used method. In this approach,
binary (1:1 or customized) mixtures of the drug
and excipient, with or without, added water and
sometimes compacted or prepared as slurries,
are stored under stressed conditions (also
known as isothermal stress testing (IST)) and
analyzed using a stability-indicating method,
e.g. high performance liquid chromatography
(HPLC). The water slurry approach allows the
pH of the drug-excipient blend and the role of
moisture to be investigated. Alternatively,
binary mixtures can be screened using other
thermal methods, such as differential scanning
calorimetry (DSC) (2, 3). DSC is currently the
leading technique in this field (4). The main
benefit of DSC, rather than stressed storage
methods, is its ability to quickly screen potential
excipients for incompatibilities derived from
the appearance, shifts or disappearances of
peaks and/or variations in the corresponding
ÄH (enthalpy of transition) (5). Other features
such as low sample consumption also makes it
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an attractive method. Although DSC is
unquestionably a valuable technique, interpretnation of the data may not be straightforward.
In this method, the sample is exposed to high
temperatures (up to 300°C or more), which in
reality is not experienced by the dosage form.
Thus, DSC results should be interpreted
carefully, as the conclusions based on DSC
results alone can be often misleading and inconclusive. Therefore results obtained with
DSC should always be confirmed with IST.
IST involves storage of drug-excipient blends
with, or without moisture, at elevated tempertures for a specific period of time (typically
3–4 weeks) to accelerate drug degradation and
interaction with excipients. The samples are
then visually observed for any changes in color
or physical characteristics, and the drug
content, along with any degradants, is determined quantitatively (6). Although more useful,
the disadvantage with this method is that it is
time consuming and requires quantitative
analysis using e.g. HPLC. Ideally, both techpiques, DSC and IST should be used in
combination for the selection of excipients.
Similarly, isothermal micro calorimetry is a popular method for detecting changes in the solid
state of drug-excipient mixtures through
changes in heat flux (7). The results from using
thermal techniques can be indicative of whether formulations are stable, but reveal no
information concerning the cause or nature of
any incompatibility. Techniques such as hot
stage microscopy and scanning electron
microscopy can be used in conjunction with
DSC to determine the nature of an apparent
incompatibility (8). These techniques study the
morphology of the drug substance and can
de te rmi ne the na ture of phy si c a l
transformations, thus indicating the type of
incompatibility that has occurred (4). A more
definitive result would be obtained using e.g.
HPLC or HPLC-MS/MS. It is well known that
the chemical compatibility of an API in a binary
mixture may differ from that of a multicomponent prototype formulation. An alternative is to test “prototype” formulations. The
amount of API in the blend can be modified
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according to the anticipated drug-excipient
ratio in the final compression blend (9).
There are several examples of formulation
instability resulting from solid–solid interactions (10, 11). Certain classes of compounds are
known to be incompatible with particular
excipients (12). Therefore knowledge of the
chemistry of the drug substance and excipients
can often minimize formulation surprises. Heat
and water are the primary catalysts for drugexcipient interactions and play a critical role in
the degradation of a drug substance (13). The
majority of ‘small molecule’ API instability
reactions occur via hydrolysis, oxidation and
Maillard reaction. The moisture content of the
drug and excipients plays a critical role in their
incompatibility. Heat and moisture accelerate
most reactions, even if moisture is not involved
in the reaction scheme, since moisture brings
molecules closer together, and heat always
increases the reaction rate. The incompatibility
between a drug and an excipient per se, and that
which occurs between a drug and moisture/
water activity due to the ability of the excipient
to absorb moisture, represents two different
kinds of incompatibilities. Excipients such as
starch and povidone may possess a high water
content (the equilibrium moisture content of
povidone is about 28% at 75% relative humidity), which can increase drug degradation. The
moisture level will affect the stability depending
on how strongly it is bound and whether it can
come into contact with the drug (14). It is
generally recognized that aspirin is incompatible with magnesium salts. Higher moisture
contents and humidity accelerate the
degradation even further (14). Many different
moisture mediated degradation mechanisms
exist, but those mediated by surface moisture
appear to be the most common (15).
Consequently it is important that stress methods incorporate water to encourage the formation of all possible impurities. The way in
which water facilitates degradation is not fully
understood, but work carried out by Kontny
et al. (15) has confirmed its importance. Degradation problems can, therefore, be difficult to
avoid because water often cannot be entirely
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excluded from drug product formulations.
Many excipients are hygroscopic, (16, 17) and
absorb water during manufacturing, for
example during wet granulation. Depending on
the degree of hydrolytic susceptibility, different
approaches to tablet granulation can be used to
minimize hydrolysis. For compounds such as
acetylsalicylic acid that are readily hydrolysable,
direct compression or dry granulation is preferable, to wet granulation. However drugexcipient incompatibility may still occur.
Chemical interaction between the drug and
excipients may lead to increased decomposition. Stearate salts (e.g. magnesium stearate,
sodium stearate) should be avoided as tablet
lubricants if the API is subject to hydrolysis via
ion-catalyzed degradation. Excipients generally
contain more free moisture than the drug
substance (16), and in an attempt to obtain the
most thermodynamically stable state, water is
able to equilibrate between the various components (18). Formulation can, therefore, potentially expose the drug substance to higher levels
of moisture than normal, which greatly
increases the possibility of even stable compounds degrading. In selecting excipients, it is
probably best to avoid hygroscopic excipients
when formulating hydrolytically labile compounds, although examples exist where the
drug is deliberately formulated with over-dried
hygroscopic excipients (e.g. Starch 1500) which
act as a moisture scavenger to prevent the drug
from coming into contact with water.
One of the most effective ways to stabilize a
pH sensitive drug is through the adjustment of
the microscopic pH of the formulation. Excipients with high pH stability and buffering
agents are recommended. Humidity is another
major determinant of product stability in solid
dosage forms. Elevation of relative humidity
usually decreases the stability, particularly for
drugs that are highly sensitive to hydrolysis. For
example, nitrazepam in the solid state showed a
linear relationship between the logarithm of the
rate constant for the decomposition of the drug
at different relative humidities (19). In addition,
increased humidity can also accelerate the
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degradation process by facilitating interaction
with excipients (20, 21). Molecular mobility is
also responsible for solid-solid reactions (2224). Systems with enhanced mobility have more
reactivity. Mechanical stress is also expected to
accelerate such reactions by creating a larger
surface area, increasing the number of defects,
and increasing the amount of amorphous
material (10).
Oxidation reactions are complex and it can be
difficult to understand the reaction mechanism.
The best approach is to avoid excipients
containing oxidative reactants such as peroxides
and fumed metal oxides like fumed silica and
fumed titanium dioxide. Excipients such as
povidone and polyethylene glycols (PEGs) may
contain organic peroxides as synthetic byproducts which are typically more reactive than
hydrogen peroxide. Although most compendial
excipients have limits on metals, free ethylene
oxide or other oxidizing agents via the peroxide
or iodine value there are still some instances of
oxidative degradation of drug due to presence
of reactive peroxides in excipients such as
povidone. For example, Hartauer et al. (2000)
reported oxidative degradation of Raloxifene
H.L. occurring via peroxide impurities in
povidone (25). Thus, it is important to understand the purity and composition of the
excipient prior to formulation.
Aldehyde-amine addition is another important
type of reaction, which is responsible for
incompatibility between excipients comprising
reducing sugars (e.g. lactose, dextrose) and
amine-containing drugs. Aldehyde-amine addition leads to the formation of a Schiff base,
which further cyclizes to form a glycosamine
followed by an Amadori rearrangement (26,
27). This sequence of reactions is called the
Maillard reaction, and is responsible for a large
number of incompatibilities between APIs and
excipients.

Table 1 List of common solid-state incompatibilities
Functional Group
(Example of API)

Incompatible with

Type of Reaction

Primary amine (e.g.
Acyclovir)

Mono and disaccharides
(e.g. lactose)

Maillard reaction

(26, 29)

Esters (e.g.
Moexipril)

Basic components (e.g.
magnesium hydroxide)

Ester hydrolysis

(30)

Lactone (e.g.
Irinotecan HCl)

Basic components (e.g.
magnesium hydroxide)

Ring opening
(hydrolysis)

(31)

Carboxyl

Bases

Salt formation

(28, 32)

Alcohol (e.g.
Morphine)

Oxygen

Oxidation to
aldehydes and
ketones

(33, 34)

Sulfhydryl (e.g.
Captopril)

Oxygen

Dimerization

(33, 34)

Reference

Phenol

Metals, polyplasdone

Complexation

(28, 32)

Gelatin

Cationic surfactants

Denaturation

(28, 32)

This present review discusses incompatibilities
of ‘small molecule’ API’s associated with
different pharmaceutical excipients as summarized in Table 2. Incompatibilities of APIs
with different pharmaceutical excipients are
discussed below in subsequent sections relating
to excipient types as follows: Saccharides, Stearates, Polyvinylpyrrolidone, Dicalcium phosphate dihydrate, Eudragit polymers, Celluloses,
Polyethylene glycol, Polysorbate 80, Sodium
lauryl sulfate, Chitosan, Magnesium oxide, Silicon dioxide, Carbonates, and Miscellaneous.
Saccharides
Lactose is perhaps one of the most commonly
used excipients in pharmaceutical oral dosage
forms (tablets) and, is in its crystalline form,
generally considered to be least reactive. Blaug
and Huang (99) reported that, crystalline
lactose, rather than, amorphous lactose caused
a problem in interaction of dextroamphetamine
sulfate with spray dried lactose. Lactose is a
reducing disaccharide and reactions between it
and drugs containing amino groups have been
reported. This interaction is shown in Figure 1.
This sequence of such reaction is referred to as
the Maillard reaction (26).

Monkhouse (28) listed common solid-state
incompatibilities as shown in Table 1.
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Table 2 A list of excipients and their incompatibilities with API’s belonging to different therapeutic classes
E xcipient

AP I and its Therapeutic C lass

S accharides

(A) Lactose

Acyclovir (29) - Antiviral; Aceclofenac (35) and Ketoprofen (36-38) - Anti-inflammatory; Metformin (29)Antidiabetic; Amlodipine (39), Ceronapril (40), Lisinopril (41) and Oxprenolol (42) - Antihypertensive; Fluconazole
(43) - Antifungal; Primaquine (44) - Antimalarial; Promethazine (45) - Antiemetic; Fluoxetine (46) and Seproxetine
Maleate (47) – Antidepressant; Picotamide (48) – Anticoagulant; Etamsylate (43) - Antihemorrhagic; Aminophylline
(49) and Clenbuterol (50) – Bronchodialator; Baclofen (51)- CNS Drug; Ranitidine (52) – GI Agent; Doxylamine (53)
– Antihistaminic; Thiaminechloride HCL (54) – Vitamin; Pefloxacin (55) - Antibiotic

(B) Lactose/meglumine/ Tris Buffer Blend

Glipizide (56) - Antidiabetic

(C) Mannitol, Pearlitol (80% Mannitol +20
% Maize Starch)

Quinapril (9)- Antihypertensive; Primaquine (44)- Antimalarial; R-omeprazole (57) – GI Agent; Promethazine (45) –
Antiemetic

(D) Starch

Seproxetine Maleate (47) – Antidepressant; Clenbuterol (50) - Bronchodialator

(E) Sodium Starch Glicollate

Clenbuterol (50) - Bronchodialator

(F)

Pefloxacin (55) - Antibiotic

Dextrose

S tearates

(A) Magnesium Stearate

Acyclovir (58) – Antiviral; Aspirin (59-62), Ibuproxam (8), Indomethacin (63, 64) and Ketoprofen (36-38)- Antiinflammatory; Glipizide (56), Chlorpropamide (65), Glimepiride (66) and Glibenclamide (67) - Antidiabetic;
Captopril (68, 69), Fosinopril (40), Moexipril (10, 30, 70), Oxprenolol (42) and Quinapril (9) - Antihypertensive;
Cephalexin (71), Erythromycin (72), Nalidixic Acid (73), Oxacillin (74) and Penicillin G (74) - Antibiotic; Primaquine
(44)- Antimalarial; Promethazine (45)- Antiemetic; Albendazole (75) - Antiamoebic; â-lapachone (76)- Anticancer;
Clopidogrel (77)- Anticoagulant; Doxylamine (53) – Antihistaminic; Temazepam (42) - Hypnotic

(B) Stearic Acid

Doxylamine (53)- Antihistaminic

P olyvinyl P yrolidone (P V P )

Indomethacin (63, 64), Ibuproxam (8) and Ketoprofen (36-38) – Anti-inflammatory; Atenolol (63) and Oxprenolol
(42)- Antihypertensive; Sulfathiazole (78) – Antibiotic; Haloperidol (79)- Antipsychotic; Ranitidine (52)- GI Agent;
Doxylamine (53)- Antihistaminic; Temazepam (42)- Hypnotic; Clenbuterol (50) – Bronchodialator

D icalcium P hosphate D ihydrate
(D C P D )

Ceronapril (40), Oxprenolol (42) and Quinapril (9)- Antihypertensive; Metronidazole (80) – Antiamoebic; âlapachone (76) and Parthenolide (81)- Anticancer; Famotidine (82)- GI Agent; Temazepam (42) - Hypnotic

E udragit P olym ers
(A) Eudragit RS and Rl

Diflunisal (83, 84), Flurbiprofen (83, 84) and Piroxicam (83, 84) – Anti-inflammatory

(B) Eudragit RL100

Ibuprofen (85) (86)– Anti-inflammatory

(C) Eudragit E100

Ranitidine (52) – GI Agent

C elluloses
(A) Microcrystalline Cellulose (MCC),
Avicel PH 101

Enalapril (87, 88) – Antihypertensive; Isosorbide Mononitrate (6) – Antiangina; Clenbuterol (50) - Bronchodialator

(B) Cellulose Acetate

Isosorbide Mononitrate (6)- Antiangina

(C) Hypromellose Acetate Succinate
(HPMCAS)

Dyphylline (89) - Bronchodialator

(D) Hydroxypropyl Cellulose

Trichlormethiazide (90) - Diuretic

PEG

Ibuprofen (91), Ibuproxam (8) and Ketoprofen (36-38)– Anti-inflammatory; Phosphomycin (92) - Antibiotic;
Clopidogrel (77)- Anticoagulant

P olysorbate 80

Ibuprofen (91) – Anti-inflammatory

S odium Lauryl S ulfate

Chlorpropamide (65) – Antidiabetic; Clopidogrel (77)– Anticoagulant; Chlordiazepoxide (11, 93) – Hypnotic

C hitosan

Diclofenac (11, 94) and Piroxicam (95)– Anti-inflammatory

M agnesium O xide

Ibuprofen (96) – Anti-inflammatory

S ilicon D ioxide

Enalapril (87, 88) - Antihypertensive

C arbonates
(A) Sodium Carbonate

Adefovir Dipivoxil (97) - Antiviral

(B) Sodium Bicarbonate

Ibuprofen (96) – Anti-inflammatory

M iscellaneous
(A) Plasdone

Glimepiride (66) - antidiabetic

(B) Ascorbic acid

Atenolol (63) – antihypertensive

(C) Citric acid

Atenolol (63)- antihypertensive

(D) Butylated hydroxyanisole

Atenolol (63)- antihypertensive

(E) Succinic acid

Phosphomycin (92)- antibiotic

(F) Na dioctylsulfocuccinate

Phosphomycin (92) - antibiotic

(G) Ca and Mg salts

Tetracyclins (98) - Antibiotic

(H) Talc

Seproxetine maleate (47) - antidepressant

(i). Precirol ATO 5

Temazepam (42)- hypnotic
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Figure 1 A general Maillard reaction between lactose
and an amine group-containing API

There are a number of reports of the incompatibility of lactose with amine-containing
APIs. DSC and FT-IR studies showed that
aminophylline, a bronchodilator drug consisting
of a purine ring system coupled with an
ethylenediamine moiety was incompatible with
lactose. Brown discoloration appeared in
samples containing 1:5 (w/w) mixtures of
aminophylline and lactose following three
weeks of storage at 60°C (100). Another group
of researchers also reported similar findings
from stability experiments using aminophylline
combined with four tablet excipients (cellulose
starch, glucose (dextrose) and lactose) stored at
5°C, room temperature (27 ± 3°C), 45°C and in
direct sunlight for 30 days. Degradation of the
drug increased with increase in temperature and
on exposure to sunlight. The degradation was
particularly intense in the presence of glucose
and lactose and a change in color from white to
yellow occurred in such mixtures. At 45°C and
in sunlight both pure drug and its mixtures
changed color during the storage period (49).
Seproxetine, a selective serotonin re-uptake
inhibitor, is a primary amine and an active
metabolite of fluoxetine. Its maleate hemihydrate salt demonstrated an incompatibility
with lactose and starch in a gelatin capsule
dosage form. Analogous to a Micheal addition,
there is a formation of 1-4 addition product
between the drug and the maleic acid facilitated
by the free moisture associated with the starch.
Formation of the 1,4-addition product was
noticed in the presence of pregelatinized starch
while a Maillard reaction product was formed

This Journal is © IPEC-Americas Inc

Figure 2 Interaction between Seproxetine and maleic
acid in the presence of starch (47).

by interaction of the drug with lactose as shown
in Figure 1 (47). The schematic of the interaction between saproxetine and maleic acid in the
presence of starch is shown in Figure 2. An
ACE inhibitor, ceronapril containing a primary
amine function, also exhibited incompatibility
with lactose due to a Maillard reaction. HPLC
studies of mixtures of ceronapril with lactose
after 3 weeks storage at 50ºC showed that the
ceronapril had degraded by 8.4% (40).
Amlodipine is a dihydropyridine calcium channel blocker containing a primary amine group.
It was found to be unstable in a multicomponent mixture with lactose, magnesium
stearate and water. Amlodipine besylate glycosyl was identified as a major reason for
degradation due to a Maillard reaction between
the drug and lactose (39). Metformin is a biguanide class of antidiabetic drug also containing a
primary amine group. Binary mixtures of metformin with starch and lactose showed interaction upon heating, changing the melting
temperature of metformin and the accompanying enthalpy. A change in the melting
temperature of metformin was observed for all
mixtures tested i.e. metformin: starch ratios of
2:8; 3:7; 1:1; 7:3 and 8:2. The melting peak for
metformin was not visible in the presence of
lactose suggesting an interaction between them.
Displacement of the melting temperature of
metformin, for all the metformin–starch mixtures tested, confirmed the interaction between
the two materials. One possible reason for this
interaction can be a Maillard reaction between
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the lactose carbonyl that can react with an
amine group of metformin (101). Acyclovir is a
purine class of antiviral drug, again, containing
a primary amine group. Results of DSC studies
of physical mixtures of the drug with lactose
suggested an incompatibility, confirmed by liquid chromatography coupled with mass spectrometry (LC-MS) which identified the formation of a Maillard reaction as shown in
Figure 1 (29).

of the mixtures of etamsylate and lactose showed additional peaks, in addition to those
recorded for the individual components. In the
case of the etamsylate–lactose mixture an
additional prominent endotherm appeared at
118.5°C. The main peak at 136.7°C in the
original etamsylate thermogram shifted to a
lower temperature of 131.4°C. This was probably due to solid solubility of lactose in
etamsylate (43).

Baclofen is a primary amine used in treatment
of spastic movement disorders. Using LC-MS
studies showed that it was incompatible with
lactose as indicated by the formation of a Maillard reaction product. Fourier transform infrared spectroscopic analysis (FTIR) showed the
formation of the imine bond, which indicated
that baclofen, undergoes a Maillard-type reaction with lactose (51).

Ranitidine HCl is a drug used for the treatment
of gastric ulcer. The drug is a secondary amine.
An incompatibility was reported in a 1:1 binary
mixture of the drug and lactose. The DSC
thermogram of lactose monohydrate showed a
dehydration peak at 150°C followed by an
endothermic melting peak at 222°C. However,
the thermogram of the binary mixture showed a
broader peak at 150°C and the disappearance
of the melting peak of lactose at 222°C,
indicating a possible interaction between
ranitidine and lactose (52). Aceclofenac is a
Non-Steroidal Anti-inflammatory drug
(NSAID) with a secondary amine group. It
showed an incompatibility with spray-dried
lactose (SDL). In the binary mixture of
aceclofenac and SDL (7:3), an IR peak at
1848.6 cm-1 using pure aceclofenac was
observed. This peak disap-peared and another
peak at 1771.5 cm-1 shifted to 1762.8 cm-1. In
the mixture of aceclofenac and SDL at a ratio
of 6:4, peaks at 1848.6 and 1771.5 cm-1
disappeared completely using pure aceclofenac.
A further increase in the SDL concentration
gave similar results (35).

Lactose monohydrate also interacted with
moisture sensitive drugs and affected the stability of the drug (102). A mixture of thiamine
hydrochloride and lactose underwent the Maillard reaction forming the N-glycosylamine,
which was further converted to the amino
ketone via an Amadori rearrangement. The
configuration of an á-(spray-dried) lactose and
â-anhydrous lactose was not relevant for the
Maillard reaction because the reaction of
lactose is believed to occur through an openchain form. Spray dried lactose also contains
amorphous lactose which is important for
reactivity (99). Similar changes in spectra were
noticed for binary mixtures of both forms of
lactose with thiamine hydrochloride. A change
of tablet color due to the degradation of drug
under accelerated conditions was observed (54).
Although primary amines are the most
commonly reported substrates for the Maillard
reaction, there are also reports of Maillard
reactions with secondary amines. Oxprenolol
hydrochloride (42), fluoxetine hydrochloride
(46), etamsylate (43), ranitidine (52) and aceclofenac (35) are examples. Etamsylate is 2,5-dihydroxybenzene sulfonic acid containing an Nethylethanamine group. The DSC thermograms
This Journal is © IPEC-Americas Inc

There are also some reports of lactose
interaction with drugs not having a primary or
secondary amine group such as Fluconazole
and Pefloxacin. The mixture of fluconazole and
lactose showed additional peaks by DSC at
86.1°C and 136.4°C respectively, in addition to
the peak corresponding to the melting of pure
drug at 140.2°C. This indicates an interaction
between the drug and the excipient (43).
The antibacterial drug pefloxacin mesylate also
does not contain a primary or secondary amine
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group but is reported to interact with
anhydrous dextrose, Pearlitol® (mannitol),
Lactopress SD (directly compressible lactose),
Lactochem FP [Natural L (+) Lactic Acid], and
Lycatab® (starch/calcium carbonate), as indicated by the loss of the characteristic melting
endothermic peak of perfloxacin mesylate in
the DSC thermogram. The enthalpy changes in
admixtures were within a 10% limit of the
calculated enthalpy. However, the results of
isothermal stability studies did not support the
conclusions from the DSC results (55). Since
elevated temperatures in DSC study are not
necessarily relevant to ambient conditions,
isothermal stress results are more reliable.
Further, additional stability studies of prototype
formulation at accelerated conditions can be
carried out to discover any potential incompatibility. Another tertiary amine drug, promethazine hydrochloride used as an antiemetic,
antihistamine and sedative, resulted in a brown
color in stressed binary mixture studies (stored
at 55°C for 3 weeks) indicating a potential interaction with lactose monohydrate (45).

the mixture, which suggested a possible interac-tion.

Meglumine is an amino sugar derived from
sorbitol. The incompatibility of the antidiabetic
drug glipizide with the blend of meglumine/
TRIS buffer has been reported. An interaction
was observed between meglumine and glipizide
but the mechanism has not been established. A
yellow coloration caused by the interaction of
the amine group of meglumine/TRIS buffer
and lactose was observed. Because the solubility
modifier (meglumine/TRIS buffer) was required to increase the solubility of glipizide in the
formulation, the presence of lactose in the formulation was considered detrimental to longterm stability. In addition, a melting endothermic peak of glipizide was found to be missing in a glipizide–lactose mixture, which
suggested an interaction between the two components. A sharp endothermic peak at
130.32°C was observed in the DSC thermogram of meglumine, which broadened and
shifted to lower temperature (122.81°C) for a
glipizide and meglumine mixture. The drug
peak was completely absent in the DSC trace of

The results confirmed that DSC could be used
as a rapid method to evaluate the compatibility
between a drug and excipients. However,
caution needs to be exercised while interpreting
the DSC results alone. Wherever possible,
results from other techniques such as IR and
quantitative analysis after storage under stressed
conditions, should be taken in conjunction with
DSC results to reach any definite conclusion. In
the present example, the results from the DSC
along with IR and/or HPLC were successfully
employed to assess the compatibility of glipizide with the excipients used in the development
of extended release formulations. Based on the
results of IR and/or HPLC analysis, any possible pharmaceutical incompatibility between
glipizide and TRIS buffer and magnesium
stearate was ruled out. Other APIs which show
possible incompatibilities in binary mixtures
with lactose include ketoprofen (36, 37),
picotamide (48), primaquine (44), clenbuterol
(50), sennosides A and B (103) and lisinopril
(41).
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The DSC trace of TRIS buffer showed two
endothermic peaks at 139.14ºC (probably due
to evaporation of adsorbed moisture) and
172.73°C (melting point of TRIS buffer),
followed by an endotherm at 300°C, probably
due to the decomposition of TRIS buffer. In
the thermogram of glipizide and TRIS buffer
mixture, the TRIS buffer peak at 139.14°C
shifted to a lower temperature (135.60°C). In
addition, the drug peak was missing and a
broad endothermic peak was observed at
296.16°C (56). The DSC results were indicative
of an interaction between glipizide and TRIS
buffer. However, the IR spectrum of glipizide–
TRIS buffer mixture showed the presence of
characteristic bands corresponding to glipizide.
There was no appearance of new bands. Hence,
there was strong evidence of unchanged drug
structure and lack of chemical interaction between the two. Thus, it was concluded that there
was no chemical incompatibility between glipizide and TRIS buffer.
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Mannitol is a sugar alcohol derived from a
sugar by reduction and is a commonly used,
non-hygroscopic and chemically stable excipient, with good flow properties and high
compressibility. As such, it is suitable for use
with APIs sensitive to water. It is primarily used
as a diluent (10-90%) in tablet formulations.
There have, however, been some reports of
adverse effects of mannitol on stability of
drugs. This has been attributed to continued
crystallization of mannitol from a system that is
initially only partially crystalline. This can result
in an increase in water activity in amorphous
regions where the drug is located, with
subsequent adverse effects on stability (104).
Mannitol was found to be incompatible with
omeprazole (57), primaquine (44) and quinapril
(9). Mixing mannitol with either of the
omeprazole sodium isomers in their racemic
forms led to a decrease in the crystallinity of the
resulting mixtures. In the case of S- and R,Someprazole sodium the crystallinity is lost.
Mixing of mannitol and R-omeprazole sodium
leads to the decrease in melting temperatures
and broadening the melting peaks that can be
attributed to the interaction between two
different crystalline structures. There was better
compression of the S-omeprazole–mannitol
mixture resulting in a smoother tablet surface,
compared to that of R-omeprazole–mannitol.
Significant physical interaction of Romeprazole with mannitol was observed from
localized thermal analysis (LTA) and DSC
results (57).
Despite of the well known interaction of
lactose with drugs that contain primary and
secondary amine groups, it continues to be one
of the most widely used diluents. Most of the
Maillard reactions may be prevented by
reducing the water activity in the formulations
and using appropriate packaging. Castello and
Mattocks (1962) reported that the Maillard
reaction occurs only in the presence of an
amine base and not in the presence of the salt.
The release of free-base from the amine salt
occurs by reaction of the alkaline lubricant, for
example magnesium stearate, which removes
hydrogen ion with the formation of stearic acid,
furnishing an alkaline medium in the adsorbed
moisture (105).
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Stearates
Magnesium stearate is widely used as a lubricant
in the manufacture of pharmaceutical solid
dosage forms. Literature shows that there are
numerous reports of the incompatibility
between stearates and active pharmaceutical
ingredients. Chemical incompatibility between
aspirin and magnesium stearate results in a
number of potentially undesirable products,
such as salicylic acid, salicyl salicylic acid and
acetyl salicyl salicylic acid (106, 107). Several
theories have been suggested to explain the
mechanism of this chemical incompatibility.
Acetylsalicylic acid is a moisture-sensitive drug
(108) hence its degradation is often associated
with the presence of water (109) and/or
alkaline pH (110). Tablet mixtures containing
aspirin and drugs with easily-acetylated groups
react to give acetyl compounds and salicylic
acid. Troup and Mitchner (111) reported the
reaction of phenylephrine hydrochloride with
acetylsalicylic acid where an acetyl group is
transferred from acetylsalicylic acid to the
phenylephrine. For example, mixtures of
phenylephrine hydrochloride and aspirin
contained 80% of acetylated phenylephrine
after 34 days at 70°C. Adding starch and
magnesium stearate slowed this reaction to
about 1% in 34 days, while adding magnesium
stearate alone resulted in complete
decomposition in 16 days. In addition some
diacetylated product was produced. This
reaction may proceed by direct acetylation.
Similarly, aspirin tablets containing codeine or
acetaminophen yielded acetylated drugs when
heated (112, 113). Kornblum and Zoglio (109)
found that the rate of decomposition of
acetylsalicylic acid in suspensions with lubricants, such as magnesium stearate, was associated with the high solubility of the magnesium salt of acetylsalicylic acid. This formed a
buffer with solvated acetylsalicylic acid, creating
a pH environment that was detrimental to the
stability of the compound. It has also been
suggested that the presence of MgO impurities
in magnesium stearate catalyze degradation by
creating an alkaline pH environment (59).
However, the relationship between pH and
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decomposition is controversial, with some
authors claiming that pH does not play a
significant part in the solid state decomposition
(106). Other reports suggested that the main
mechanism of incompatibility was a reduction
in the melting point of acetylsalicylic acid,
which would generate a liquid layer on the
surface of the magnesium stearate particles,
thereby accelerating decomposition. The
presence of liquid films around decomposing
acetylsalicylic acid particles was demonstrated
by microscopic examination. Similarly, Miller
and York (60) described the formation of a
magnesium stearate surface film around
acetylsalicylic acid particles, suggesting that the
intimate contact between the two materials may
facilitate the lowering of the acetylsalicylic acid
melting point (61, 62). Further Gordon et al.
(85) noticed that in the presence of stearates
ibuprofen forms a eutectic which sublimates.
Oxprenolol hydrochloride, a drug used for the
treatment of angina pectoris showed an
incompatibility in a binary mixture with
magnesium stearate. The binary mixture
showed two overlapping endothermic peaks
with onsets of transition at 85°C and 96°C. The
broad melting endotherm at 110°C to 118°C
for magnesium stearate was absent in the binary
mixture (42). Albendazole, a benzimidazole
class of anthelmintic drug showed an
incompatibility in a 1:1 binary mixture with
magnesium stearate. Exposure of the binary
mixture to heat and moisture resulted in
degradation confirmed by DSC and HPLC
(75). Compatibility studies of the ACE inhibitor
fosinopril sodium with different excipients and
20% added water resulted in the formation of
degradation product A as shown in Figure 3.
However, in the presence of magnesium
stearate, formation of product A was accelerated along with the formation of two other
degradation products B and C (Figure 3). The
structure of degradation product C appears to
be incorrectly transcribed in the original paper
(additional terminal methyl should not be
present) (40). Based on an HPLC investigation,
90% of the drug degraded in 1 week. In a
separate study, when a 1:1 mixture of fosinopril
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sodium and magnesium stearate was exposed to
75% RH at 50°C, the degradation of fosinopril
sodium after 3 weeks was less than 1%. This
was because both fosinopril sodium and
magnesium stearate were non-hygroscopic,
although the interaction between them is
mediated by water. This would not be the case
in capsules and tablets where other formulation
components, such as microcrystalline cellulose,
starch, gelatin shell etc., would result in
moisture sorption (40).
The antitumor drug, b-lapachone showed an
interaction with magnesium stearate based on
FTIR studies. The disappearance of different
magnesium stearate bands at 1579.5 and 1465.7
cm!1 from the FTIR spectra for both, stressed
mixtures (samples were stored in an oven at
40ºC and 75% relative humidity in closed
containers using sodium chloride saturated
solutions for a month) and thermally stressed
mixtures (the drug, some excipients and its
mixtures were subjected to thermal stress by
heating up to 160ºC at a rate of 10ºC min!1)
suggested the decomposition of the excipient.
Additionally, some changes were observed in
the â-lapachone bands at 2978 cm!1 and
1568 cm!1 assigned to the aromatic C-H and CC respectively. Heating-cooling DSC (HCDSC) experiments confirmed the hypothesis of
magnesium stearate degradation since the
second heating revealed only the melting peak
of â-Lapachone, which was observed at a lower

Figure 3 Interaction between Fosinopril sodium and
magensium stearate (40).
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temperature and associated enthalpy and none
of the magnesium stearate thermal events were
observed. Heating to 160°C does not promote
changes in the morphology of â-Lapachone or
magnesium stearate separately but when heated
together the sample becomes black as a result
of the degradation of magnesium stearate. This
evidence of interaction suggests that magnesium stearate should be avoided in â-lapachone
formulations (76).
Captopril is a pyrrolidine carboxylic acid derivative used in the treatment of hypertension. It
showed surface interactions with metallic
stearates during grinding (5 min at room
temperature at 32% or 80% RH). A mixture of
captopril and each metallic stearate before and
after grinding gave different results in DSC,
thermogravimetric (TGA) and FTIR studies.
Although there was no interaction between
captopril and sodium stearate during grinding,
grinding could induce the trans cis isomerization of captopril in a ground mixture of
captopril–sodium stearate. There was no
evidence of solid-state interaction between
captopril and monoaluminum stearate, but
grinding appeared to accelerate the solid-state
interaction of captopril with magnesium
stearate. The solid-state interaction between
captopril and magnesium stearate was
evidenced by the shifting of the IR spectral
peak for the -COOH of the stearate moiety
from 1578 cm-1 to 1541 cm-1. This was due to
the interaction of the -OH group in the
carboxylic acid function of captopril with
bridging coordination of the –COO- group of
magnesium stearate via hydrogen bonding
involving water. The interaction between
captopril and magnesium stearate was stopped
at 60°C due to evaporation of water from the
ground mixture (68). Another group of researchers (69) also noticed similar type of results for a captopril and magnesium stearate
mixture. The DSC thermogram of the binary
mixtures indicated a possible interaction due to
the disappearance of the characteristic captopril
fusion peak.
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Chlorpropamide, a sulfonylurea antidiabetic
drug showed a possible solid-solid interaction,
but not necessarily a pharmaceutical incompatibility, in a binary mixture of chlorpropamide with magnesium stearate. The DSC
curve of the chlorpropamide/magnesium stearate mixture resulted in only one endothermic
event at 96.3–108.6°C suggesting a drug–
excipient interaction when heated. A substantial
decrease in the dissolution rate was observed
for chlorpropamide tablets containing magnesium stearate after 6 months of storage at
40°C/75% RH (65). The ACE inhibitor
quinapril, a tetrahydroisoquinoline carboxylic
acid, was incompatible with magnesium stearate
due to the basicity of magnesium stearate, and
because the rate of degradation was mediated
by the availability of moisture (9). DSC studies
showed that the antiviral drug, acyclovir also
interacted with magnesium stearate, as shown
by the disappearance of the characteristic acyclovir fusion peak in the thermogram of the
binary mixture. X-ray powder diffraction
(XRPD) did not provide evidence of an
incompatibility between acyclovir and magnesium stearate, since the diffraction peaks remained unaltered in the physical mixture. The main
difference observed in the FTIR of binary
mixtures of acyclovir and stearic acid was the
significant decrease in the band attributed to
the -OH group, indicating a possible chemical
interaction between these compounds (58).
The sedative drug, doxylamine succinate, was
incompatible with magnesium stearate, stearic
acid, povidone (PVP) and lactose (53). Salt
forms of cysteine showed interaction with
magnesium stearate and other excipients such
as xylitol, sorbitol and two gum bases, Every T
Toco and Smily 2 Toco (114). Other APIs
which have been found to be incompatible with
stearates are glimepiride (66), cephalexin (71),
glipizide (56), ibuproxam (8), indomethacin (63,
64), ketoprofen (38), moexipril (10, 30, 70),
nalidixic acid (73), primaquine (44), promethazine hydrochloride (45), temazepam (42),
glibenclamide (67), penicillin G (74), oxacillin
(74), clopidogrel besylate (77) and erythromycin
(72). It has been suggested that stearate salts
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should be avoided as tablet lubricants if the
API is subject to ion-catalyzed degradation.
The degradative effect of alkali stearates is
inhibited in the presence of malic, hexamic and
maleic acid due to competition for the lubricant
cation between the drug and additive acid (115).
In some cases the interactions may not occur at
the typical use level of magnesium stearate
(0.25% to 0.5%). An even more important
concern is mixing time, which can directly
affect the disintegration time and dissolution of
the drug from the solid dosage form. This is a
detrimental physical interaction.
Povidone (PVP, polyvinyl pyrrolidone,
copovidone)
PVP is commonly used as a binder in tablet
formulations, as a film forming agent, and also
for forming amorphous dispersions of drugs. It
was found to be incompatibile with a wide
range of APIs. The antimicrobial drug sulfathiazole interacted with PVP, the rate increasing
at higher PVP concentrations (78). In the DSC
thermogram of an oxprenolol:PVP mixture,
apart from the adsorbed water endotherm, a
second broad endotherm, followed by
degradation and/or vaporization was seen,
while the endotherm characteristic of oxprenolol hydrochloride was absent indicating an
interaction (42). Evidence of an interaction
between the antihypertensive drug atenolol and
PVP showed substantial changes in the DSC
thermograms of a drug-excipient binary mixture. This interaction was enhanced or
mediated by the free (unbound) water of the
PVP. Indications of interaction were greater in
the PVP-rich mixture, in the moisture treated
mixtures, and in mixtures annealed (at 70°C) in
closed containers, where relative humidity
would be expected to be higher than in open
containers. Temperature conditioning only
affected (on the atenolol melting enthalpy)
considerably after prolonged annealing in a
closed container. This effect was less than that
caused by moisture conditioning which, in
addition, also appeared to modify the crystalline
order of the atenolol (63).
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A strong interaction between PVP and haloperidol was observed, favored by mechanical
stress and more evident in the 20:80 binary
mixture. The melting peak of the haloperidol
showed a low temperature shoulder. The onset
temperature of this shoulder corresponded to
that of the peak present in the 20:80 mixture.
The total enthalpy change was about 18%
lower than would have been expected if no
interaction had occurred between the
components (79). PVP also showed an
interaction with ibuproxam (8), indomethacin
(63, 64), ketoprofen (36-38), clenbuterol (50)
and temazepam (42). At 2% to 5% PVP may
not prove detrimental to many drugs. However,
when used at higher levels for specialized
applications such for the formation of amorphous dispersions, then the interactions may be
deleterious. Since PVP is produced by free
radical polymerization of N-vinylpyrrolidone
using hydrogen peroxide as an initiator; a
commercial PVP always contain traces of
unreacted peroxides which may oxidize APIs.
Therefore for drugs where peroxide degradation may be of concern (e.g. Ranitidine HCl),
the use of PVP as a binder should be avoided.
Hartauer et al. (25) reported that the presence
of povidone and crospovidone, in the tablet
formulation of raloxifene hydrochloride, led to
oxidation of the drug. The formation of the Noxide derivative of the drug substance was
confirmed based upon spectroscopic characterization and chromatographic comparison to
the synthetic N-oxide. However, the dissolution
of Raloxifene HCl could not be achieved
without using PVP (116). Same authors also
showed that phenolic impurities in tablet
binding agents, such as povidone and disintegrants such as crospovidone, can lead to
photodegradation of the drug through free
radical reactions.
Dicalcium phosphate dihydrate (DCPD,
Emcompress®)
DCPD is commonly used a filler in tablet
formulations and as a dental polishing agent in
toothpaste that contains sodium monofluorophosphate. It is one of the most common
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diluents for tablets, but is susceptible to
dehydration at quite low temperatures in the
presence of water vapor, thus crucial choosing
conditions for processing and storage of the
dosage forms. It has been shown to be
incompatible with a number of acidic drugs as
well as with sodium salts of poorly water
soluble drugs due to its alkaline nature (117,
118).
Temazepam is a benzodiazepine hypnotic drug.
It is acidic in nature with pKa of 1.61 and
therefore when formulated with the basic
excipient DCPD, an interaction was observed
as indicated by DSC results (42). The
combination of the antihypertensive drug
oxprenolol hydro-chloride with DCPD showed,
apart from the characteristic oxprenolol
hydrochloride endo-therm, an extra endoderm
with an onset of 136°C indicating an interaction
(42). The ACE inhibitor ceronapril, which is
incompatible with lactose, was also found to be
incompatible with DCPD. HPLC studies of
mixtures of ceronapril with DCPD showed that
ceronapril degraded by 2.5% after 3 weeks of
storage. The degradation product formed in
presence of DCPD was identified (Figure 4)
using LC-MS and liquid chromatography
coupled with mass spectrometry/mass
spectrometry (LC-MS-MS). This product was
formed through an oxidative process which was
not predicted based on initial preformulation
testing (40).
The antitumor drug, â-lapachone is sensitive to
alkaline pH and when formulated with DCPD
was found to be incompatible. The heating–
cooling DSC results suggested that lapachone
promotes DCPD dehydration at lower temperatures, at the same temperature as the
melting range of the drug. The DCPD water of
crystallization (20.9% of the DCPD weight)
partially dissolves the â-lapachone and the resultant basic environment could decompose the
â-lapachone. This was verified by the second
heating which showed the broad drug melting
peak shifting to a lower temperature with a
slight associated enthalpy change, thus a pos-
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Figure 4 Interaction between Ceronapril with
dicalcium phospate (40).

sible sign of drug degradation. Accentuated
changes were also detected in the bands
corresponding to the functional groups of the
drug, in the thermally stressed mixtures (TSM),
which indicated chemical decomposition of âLapachone (76).
Parthenolide, a naturally occurring furanone,
was found to be incompatible with DCPD.
This could be attributed to the alkaline nature
of DCPD (81). Other drugs which were found
to be incompatible with DCPD include famotidine (82), nalidixic acid (73), quinapril (9) and
metronidazole (80).
Eudragit® polymers
Eudragit polymers are copolymers derived
from esters of acrylic and methacrylic acid. The
physicochemical properties of the different
polymers are determined by the types of
functional groups. These polymers are available
in a range of different physical forms (aqueous
dispersion, organic solution granules and
powders) and are widely used for targeted and
controlled drug delivery. The acidic nature of
some Eugradit polymers has resulted in a
number of incompatibilities with active ingredients.
Three NSAIDs, diflunisal, flurbiprofen, and
piroxicam showed interaction with Eudragit
polymers (RS100 and RL100). These researchers showed that, due to the acidic nature
of Eudragit RS100 and RL100, except for
mechanical dispersion, the drugs interacted
with Eudragit matrixes by virtue of electrostatic
interactions with the ammonium groups present in the polymer. These interactions were
stronger for drugs bearing a carboxylic moiety,
thus having lower pKa values which signiJ. Excipients and Food Chem. 1 (3) 2010
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ficantly affected the drug release profile from
solid dispersions. The progressive disappearance of FT-IR, X-ray, and thermotropic
drug signals in solid dispersion was more likely
related to the increasing amount of the
polymers, which exert a diluting effect on drug
signals. DSC of flurbiprofen exhibited a sharp
endothermic peak around 115°C, corresponding to its melting point. The dispersion of
flurbiprofen in the Eudragit RS and, most often
in the Eudragit RL matrix, at both 1:2 and 1:5
weight ratios resulted in a complete suppression
of the drug fusion peak, suggesting a homogeneous solution of the drug in the polymer.
However, the mere physical dispersion of the
drug with Eudragit RS or Eudragit RL also
resulted in a modification of the thermotropic
profile. At the lower flurbiprofen-polymer ratio
a downward shift of the drug fusion peak
occurred in 2 partially superimposed peaks
(centered at 98°C and 106°C, respectively). In
the 1:5 w/w mixture, these peaks were further
reduced or even absent, giving a DSC
thermogram comparable to that of the
corresponding solid dispersion. An XRPD
analysis showed clearly that the systems prepared using lower amounts of polymer still
showed the typical signals for drug crystals.
However, increasing the Eudragit RS ratio
progressively weakened their intensity (83, 84).
Ibuprofen (a NSAID) was also incompatible
with Eudragit. Physical and chemical interaction with the carboxylic group of ibuprofen
occurs because of electrostatic interactions
and/or hydrogen bonding with the quaternary
ammonium groups in Eudragit RL. This
probably inhibits its uniform dispersion in the
polymer network and ultimately affects the drug
loading and ibuprofen release profile in vitro and
in vivo. Pignatello et al. (86) mixed different
chemical forms of ibuprofen (free acid, sodium
salt, and n-butyl ester) with Eudragit RL100 at
increasing weight ratios in order to investigate
the role of the carboxylic group in the interaction with the Eudragit RL polymer. As the acid
form, ibuprofen crystallized within the polymer
network under the experimental conditions
when its concentration exceeded the solubility
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of the drug in the polymer itself. At lower
weight ratios, the drug existed in an amorphous
or microcrystalline state, however, thoroughly
dispersed in the polymer matrix. The thermal
behavior of the solid dispersions and mixtures
suggested that the polymer inhibited the
melting of the drug crystals. A large
endothermic peak is only visible above 140°C,
probably due to the beginning of polymer
degradation. The systems containing higher
polymer ratios (33% of Eudragit RL with acidfree form of the drug (IBU/A) and 33% of
Eudragit RL with ibuprofen sodium salt
(IBU/S) aqueous solution) showed a melting
peak at 146°C and 97.5°C, respectively. These
findings from powder X ray diffraction
(PXRD) analysis confirmed that, above a
certain concentration, the excess of drug was
not able to form a homogeneous solid solution
with the polymer. IR studies showed that,
ibuprofen exhibited a strong peak at 1720 cm-1
for carbonyl group stretching, while for its solid
dispersion a broader and weaker signal was
visible, at around 1725 cm-1 (86).
A mild interaction between the antiulcer drug
ranitidine and Eudragit E100 has been
reported. Although there was no alteration in
the DSC thermogram of the ranitidine-Eudragit
mixture, compared to those of pure compound,
careful examination of DRIFTS spectrum
(diffuse reflectance infrared Fourier transform
spectroscopy) of 1:1 drug-Eudragit E100
mixture revealed a slight shift to a higher wave
number of the band associated with the
protonated tertiary amine group R3-NH+ of
ranitidine HCl at 2560 cm-1. This suggested a
mild interaction, such as hydrogen bonding,
between protonated tertiary amine group of the
drug and a functional group on the polymer
(52). The use of acidic film formers Eudragit L
100, hypromellose acetate succinate
(HPMCAS-HF), Hypromellose phthalate grade
55 (HP-55), and shellac resulted in instability of
the acid-labile proton pump inhibitor
omeprazole in solid drug-polymer blends at
accelerated storage conditions (40ºC/75% RH).
HP-55 caused the highest degree of omeprazole
degra-dation, followed by shellac, HPMCAS-
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HF, and then Eudragit1 L 100 (119). Despite of
the interaction of methacrylic acid co-polymers
with most drugs belonging to the proton pump
inhibitors group, the polymers are widely used
in enteric coat formulations because of their
ability to control drug release within a narrow
pH range. The incompatibility is avoided by
suitably protecting the drug using a barrier
coating.
Celluloses
Methylcellulose is widely used in a variety of
oral and topical pharmaceutical formulations. It
is also extensively used in cosmetics and food
products. MCC is used as an inactive filler in
tablets and as a thickener and stabilizers in processed foods. Hydroxypropyl methylcellulose
(hypromellose) has been used as an excipient in
oral tablet and capsule formulations, where,
depending on the grade, it functions as a
controlled release agent delaying the release of a
medicinal compound into the digestive tract.
Different grades can also be used as binders or
as a component of tablet coatings
It has been reported that the degradation rate
of enalapril maleate was accelerated by several
orders of magnitude in the presence of MCC.
The MCC appeared to reduce the apparent heat
of fusion of the enalapril maleate. At a heating
rate of 10°C/min, the DSC thermogram for
enalapril maleate showed two partially
superimposed endothermic events. The first
was due to melting and the second due to
thermal decomposition. This indicated that
decomposition takes place, to some extent,
during melting. Moreover, in the DSC
thermogram for the enalapril maleate:MCC
binary mixture, there is an increase in the
degree of overlap of the two events. However,
the authors did not attempt to separate the
thermal events by decreasing the heating rate
(87). Other researchers (88) have also demonstrated an increase in the degradation rate
of enalapril maleate in presence of MCC using
DTA (differential thermal analysis) studies and
accelerated stability testing. Apart from MCC,
magnesium stearate, calcium phosphates and
This Journal is © IPEC-Americas Inc

several other common disintegrants (starch,
sodium starch glycolate, crospovidone and
croscarmellose sodium) were also shown to
contribute to the decomposition of enalapril
maleate (120).
Isosorbide mononitrate, a nitrooxy dioxabicyclic compound used for treatment of angina pectoris showed an interaction with
cellulose acetate and MCC as evidenced by
DSC, IST and HPLC studies. There was also a
drastic reduction in the enthalpy value (from
125.32 to 34.10 J/g), which also suggested an
incompatibility. When IST samples of an isosorbide mononitrate:cellulose acetate mixture
were observed after 3 weeks of storage under
stressed conditions, a yellow coloration was
observed. The presence of a new peak in the
HPLC chromatogram of the stressed samples
of isosorbide mononitrate:cellulose acetate mixture further suggested a chemical interaction
(6).
HPMCAS is a widely used excipient in solid
dispersion technology. HPMCAS potentially
undergoes hydrolysis to produce succinic acid
and acetic acid, the hydrolysis rate being higher
at higher temperatures and higher relative
humidities. The use of HPMCAS is not
recommended for APIs containing hydroxyl
group(s) due to the potential of ester formation
with succinic acid and/or acetic acid. Dyphylline, a drug used to treat bronchial asthma,
consists of a purine skeleton with a 2,3dihydroxy-side chain. In order to test the
potential incompatibility of hydroxy group
containing APIs with HPMCAS, Dong and
Choi (89) used a dyphylline as a model drug.
Dyphylline was stored at 140°C for 5 hours in
the following three forms: (a) pure powder, (b)
physical mixture with succinic acid (50:50) and
© physical mixture with HPMCAS with a
drug–excipient ratio of 40:60 to mimic a 40%
loading HME (hot melt extrusion) composition. The samples were dissolved in a diluent
(95% pH 8.25 50 mM phosphate buffer + 5%
acetonitrile) to form a 0.1 mg/mL solution of
dyphylline for HPLC analysis. Upon heat
treatment, three degradants were observed in
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the physical mixture of dyphylline and
HPMCAS. They were identified as two monoesters and one di-ester of two dyphylline
molecules with one succinic acid molecule
(Figure 5), suggesting potential drug–excipient
incompatibility during formulation development (89).
The diuretic drug, trichlormethiazide was found
to be stable in a solid state under humid conditions, but when made into tablets was not
stable under the same conditions. Trichlormethiazide degradation was accelerated by the
addition of hydroxypropylcellulose. Various
factors that could affect the trichlormethiazide
stability in tablets were considered, such as,
adsorption of water, amount of free water and
pH (90).
Polyethylene glycol (PEG)
PEG is widely used as a lubricant and as a
cosolvent/dispersant for poorly soluble drugs
in pharmaceutical dosage forms. The purity of
PEG plays a very important role in the
degradation of drugs. High purity grades
available from reputable manufacturers are less
likely to lead to degradation of drugs.
Ibuprofen showed an incompatibility with PEG
in tablets stored for three weeks at 70°C/75%
RH resulting in the formation of ibuprofen
degradation products. One of the identified de-

gradation products was a known toxin 4isobutylacetophenone (91). Aspirin undergoes
pseudo-first order decomposition in combination with several grades of PEGs due in
part to trans-esterification to form salicyclic
acid and acetylated PEG (121). The rate of
decomposition was considerably greater when a
fatty base, such as cocoa butter, was used (122).
Analysis of commercial batches of 100 mg
indomethacin-PEG suppositories showed that
approximately 2%, 3.5% and 4.5% of the original amount of indomethacin was esterified with
PEG 300 after storage of one, two and three
years respectively. The formation of polyethylene glycol (PEG) sulfonate/ besylate esters
have been reported during hot melt granulation
of clopidogrel besylate with PEG 6000, several
of which are genotoxic (77). Other APIs which
showed interaction with PEG are ibuproxam
(8) ketoprofen (38) and calcium phosphomycin
(92).
Polysorbate 80
Polysorbate 80, commercially known as
Tween® 80, is a nonionic surfactant and
emulsifier used in food and pharmaceuticals.
Formation of peroxide in neat polysorbate 80
in the presence of air during incubation at
elevated temperatures has been reported. This
can affect the stability of oxidation-sensitive
drugs (123). Ibuprofen showed an incompatibility with polysorbate 80 in tablets stored
for three weeks at 70°C/75% RH (91).
Sodium lauryl sulfate (SLS)

Figure 5 Interaction between hydroxypropyl
methylcellulose acetate succinate and dyphylline (89).
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SLS is widely used in solid oral formulations as
a surfactant/wetting agent to improve the solubility of poorly soluble drugs. Incompatibility
between the antidiabetic drug chlorpropamide
and SLS has been reported. The DSC
thermogram of a chlorpropamide/SLS mixture
showed a wide endotherm at 99-120°C with the
disappearance of the double melting peak of
the drug. A considerable decrease in the
dissolution rate of chlorpropamide from tablets
containing SLS was observed after 6 months of
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storage at 40°C/75% RH which clearly
suggested incompatibility between the active
drug and excipient. (65). An in vitro study found
that chlordiazepoxide, which can exist in
cationic form, formed an ion pair with the
anionic SLS, resulting in decreased membrane
permeability (11, 93). The anti-coagulant drug,
clopidogrel besylate was also found to be
incompatible with SLS (77).
Chitosan
Chitosan has been investigated as an excipient
for use in direct tablet compression, as a tablet
disintegrant, for the production of controlled
release solid dosage forms and for the
improvement of drug dissolution (124).
Chitosan inhibited the release of the NSAID
diclofenac sodium from matrix tablets at low
pH, possibly due to the formation of an ionic
complex between the diclofenac sodium and
the ionized amino groups of the cationic
polymer (11, 94). Chitosan also interacted with
piroxicam. The solubility of piroxicam and it’s
biological availability increased 10-fold when
mixed with chitosan (95).
Magnesium oxide
Magnesium oxide is used in antacids as an
active ingredient and may also be used as a pH
modifier (e.g. in Levothyroxine sodium pentahydrate tablets) (125). A solid–solid reaction in
1:1 and 2:1 mixtures of ibuprofen/magnesium
oxide stored at 55°C has been reported as
showed by the disappearance of ibuprofen melting endotherm in DSC curve and changes in
the infrared spectrum after reaction.
Comparison with authentic samples indicated
that Mg(diibuprofen) was the product of the
reaction (Figure 6). This reaction is greatly
influenced by moisture and the molecular
mobility of the reactants. Solid–solid reactions
of ibuprofen were also observed with basic
oxides (e.g. calcium oxide) and hydroxides (e.g.
magnesium hydroxide) (96).
Silicon dioxide (Silica)
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In pharmaceuticals, silica (SiO2) is used as a
glidant during tablet manufacturing. Colloidal
SiO2 was found to noticeably decrease the
thermal stability of enalapril maleate. The
TG/DTG and DSC thermograms of the binary
mixtures of enalapril maleate and SiO2
indicated that SiO2 results in a decrease of more
than 20°C in the onset temperature of
degradation of the drug. Therefore, the use of
SiO2 as an excipient should be avoided in
formulations containing enalapril maleate, since
it may act as a catalyst in the thermal
decomposition of the drug even though SiO2 is
usually employed at low concentrations
(typically <1% mass/mass) (120).
Carbonates
The addition of aqueous soluble carbonate
salts, such as sodium carbonate, compromised
the stability of adefovir dipivoxil in the solid
state, increasing the hydrolysis of the drug
(Figure 7). However, aqueous insoluble carbonates, such as calcium carbonate and magnesium carbonate, enhanced the stability of
adefovir dipivoxil as compared to a control
formulation. Pivalic acid, a degradation product
of adefovir dipivoxil, was shown to accelerate
the degradation rate of adefovir dipivoxil in the
solid state. The de-stabilizing effect of this acid
on adefovir dipivoxil stability was diminished in
the presence of magnesium carbonate. Pivalic
acid also increased the rate at which adefovir
dipivoxil dimers were formed in the presence
of formaldehyde vapor. Addition of insoluble
carbonates reduced the rate of formaldehydecatalyzed dimerization of adefovir dipivoxil
(97). Solid–solid reactions of ibuprofen with sodium bicarbonate and potassium carbonate
were also observed (96).

Figure 6 Acid-base reaction of ibuprofen and
magnesium oxide (96).
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Miscellaneous
Apart from API-excipient incompatibilities
discussed above, several other incompatibilities
have been reported as summarized in Table 3.
Table 3. Miscellaneous API-excipient incompatibilities
Excipient (s)

API

Ascorbic acid,
hydroxyanisole

citric

acid,

butylated

Maize starch, pregelatinized starch,
®
sodium starch glycolate, Avicel PH 101

Atenolol

Reference
a

Clenbuterol

(50)

Glimepiride

(66)

Palmitic acid

Ketoprofen

(38)

Methyl paraben, cetostearyl alcohol,
glyceryl monostearate

Lapachol

(127)

Methyl paraben, propyl paraben, butylated
hydroxytoluene, acetylated lanolin

Lipoic acid

(128)

Plasdone

®

Succinic Acid

Na2 –Phosphomycin

(92)

Sodium dioctylsulfosuccinate

Ca–Phosphomycin

(92)

Promethazine
hydrochloride

(45)

®

Pearlitol SD200
®

c

d

Precirol ATO 5

Temazepam

(42)

Ca and Mg salts

Tetracycline

(98)

Sodium edetate, sodium bisulfite

Hydralazine HCl

Talc

Saproxetine maleate

Vitamin E succinate-processed films

Tetrahydrocannabinol

a
b
c
d

e
f

e

(129)
f

(47)
(130)

Formation of the degradation products (N-formyl atenolol, carbamic formic anhydride
of atenolol, –acetyl atenolol) have been reported
Incompatibility was indicated by yellow to brown coloration or white precipitation
Pearlitol SD is a spray dried mannitol containing 20% maize starch
Precirol Ato 5 is a glyceryl palmitostearate and is used as multipurpose functional
excipient (lubricant, sustained release agent and/or a taste masking agent for oral dosage
forms
A yellow coloration was observed
The amide derivative was formed due to interaction of drug with maleic acid in the
presence of talc

CONCLUSION

Drug-excipient interactions/incompatibilities
are major concerns in formulation development. Selection of the proper excipient during preformulation studies is of prime importance. Acid-base interactions and Maillard
reactions are probably the most common APIexcipient interactions reported. The excipients
lactose and magnesium stearate are the most
widely used excipients in oral solid dosage
forms. Combined with their propensity for
reaction with certain functional groups, it is no
accident therefore, that they are involved in
higher number of incompatibilities and should
always be used with caution. Use of lactose as a
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Figure 7 Hydrolysis of adefovir dipivoxil (97).

(126)

diluent should be avoided for active
pharmaceutical ingredients containing amines
due to the possibility of a Maillard reaction.
Stearate salts should be avoided as tablet
lubricants if the API is subject to hydrolytic
ion-catalyzed degradation. Alkaline excipients
such as DCPD should not be used in the
formulation of acidic drugs. The use of
Eudragit RL should be avoided with drugs
containing a carboxyl group (e.g. ibuprofen, lower pKa) since these exhibit strong electrostatic
interaction with ammonium groups present in
Eudragit polymer affecting the release profile
of the active ingredient. Care should also be
taken when formulating drugs containing
hydroxyl groups. The use of HPMCAS should
be avoided due to potential ester formation
with succinic acid or acetic acid. Although, in
many of the examples discussed above, the
incompatibility is evident at elevated temperatures or at unrealistically high concentration
ratios of excipient to API, and thus they may
not be seen at ambient (real) temperatures or at
commonly used excipient to API ratios for the
duration of the product shelf-life. However,
such information is very helpful for analyzing
any instability issues with commercial formulations or during the development of new
formulations. Once solid-state reactions are
understood in a pharmaceutical system, the
necessary steps can be taken to avoid the
reactivity and improve the storage stability for
drug products.
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