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bstract

The purpose of this study was to determine the stability differences between split and intact gabapentin tablets. Gabapentin tablets from three
ifferent manufacturers (G1, G2 and G3) were tested for a period of 9 weeks under long-term (25 ◦C/60% RH) and intermediate stability (30 ◦C/60%
H) storage conditions after storage in closed amber pharmacy dispensing containers. Samples were analyzed for dissolution and potency using
alidated HPLC methods. Potency test also included the quantitation of gabapentin’s main degradation product. Tablets from all manufacturers and
t all time points had potency >90%. At 9 weeks, a statistically significant decrease (p < 0.02) in gabapentin potency was observed for the whole and
plit G2 and G3 tablets under the intermediate storage conditions. At the end of 9 weeks, all samples also showed slightly higher levels of degradation
roduct which was statistically significant (p < 0.01) for samples stored under intermediate stability storage conditions and exceeded the proposed
SP (PF, 2006) limit for the G3 split and intact tablets. No difference was observed between the potency and dissolution of the intact and the split
ablets from the same manufacturer and the three products tested remained stable throughout the study period. The results suggest that splitting of
abapentin tablets did not affect the stability of these particular drug products tested as part of this study when stored under normal storage conditions
or a period of up to 9 weeks. However, the results should not be extrapolated to other gabapentin drug products and to other tablet dosage forms.

2007 Elsevier B.V. All rights reserved.
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. Introduction

Tablets are often split by consumers to divide a dose into
maller amounts to meet individual needs, to better titrate dosage
equirements or for cost reasons. The drugs recommended
or splitting by insurance companies for cost reasons include
torvastatin, citalopram, gabapentin, olanzapine and sertraline
ablets. The testing by the drug product manufacturers ensures
he stability of the whole tablets that have not been altered

ollowing manufacturing. However, they do not test, nor are
equired by the FDA to study the stability of different drug prod-
cts in the split form. The concern of some professionals is that

� These are scientific findings and the views are those of the authors. They do
ot represent views and/or policies of the agency.
∗ Corresponding author. Tel.: +1 301 796 0016; fax: +1 301 796 9816.
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he stability and quality of these split tablets may not be the same
s the intact product. This is especially true if the split tablets
re stored for a period of time by the patient.

Since tablet splitting exposes the core of the tablet to the envi-
onment, the split tablets may not have the same stability profile
s determined by the manufacturer for intact tablets. Tablets
plit by a patient or pharmacist and returned to the bottle may
e subject to increased friability and fragmentation, a change in
issolution (because of change in surface area) and enhanced
egradation (because of change in exposure to air, moisture,
r light). There is insufficient scientific data or reports on the
uality of cut tablets when stored for a period of time.

Weight variation is the most commonly cited problem when
he tablets are split. McDevitt et al. (1998) reported the vari-

bility of manually splitting hydrochlorothiazide 25 mg tablets
y volunteers. Out of the 1752 split portions, more than 40%
eviated by >10% of the ideal weight, and more than 12%
f the tablets deviated by >20% of the ideal weight. Sim-
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larly Rosenberg et al. (2002) reported weight failures by
SP standards for 22 different products with 560 split tablet
alves. There was an unacceptable incidence of weight vari-
tion with only 7 of the 22 (31.8%) dispensed prescriptions
eeting USP standards. In another study, Teng et al. (2002)

ound significant weight variation with 11 commonly used split
ablets and indicated that 8 would fail the USP weight uni-
ormity test if liberally interpreted and applied to the split
ablets.

Studies on the effect of tablet splitting on a product’s in vitro
issolution profile have yielded varying results. For sustained-
r extended-release drug products, tablet splitting either had no
ffect (Skoug et al., 1991; Mandal, 1996) or increased the rate
f release of the drug from the split tablet (Erramouspe and
arvi, 1998; Simons et al., 1982; Shah et al., 1987). Several
linical studies on the effectiveness of statin drugs (atrovastatin,
ovastatin, simvastatin) found that tablet splitting did not nega-
ively affect levels of low density lipoproteins, total cholesterol
nd/or triglycerides in patients (Parra et al., 2005; Duncan et al.,
002).

This study attempts to address these product quality
ssues and their potential impact on public safety due to
he practice of splitting of gabapentin tablets. Gabapentin(1-
aminomethyl)cyclohexaneacetic acid) is a �-aminobutyric acid
GABA) analog used for the treatment of seizures in adults and
hildren (Walker and Patsalos, 1995). It has also been shown
o be effective for neuropathic pain (Finnerup et al., 2002).
abapentin is widely used due to its relatively mild side-effect
rofile when compared with older generation antiepileptics
Baillie and Power, 2006). Recent scientific literature proposes
hat gabapentin achieves its therapeutic effects by blocking cal-
ium channels (Sills, 2006) or mimics the action of GABA on
ABAB receptors.
Gabapentin [structure I] degrades via intramolecular cycliza-

ion to form a �-lactam: 3,3-pentamethylene-4-butyrolactam
2-azaspiro[4,5]decan-3-one) [lactam, structure II].

The lactam has been shown to cause adverse pharmacological
ctivity in a pre-clinical animal model (Potschka et al., 2000).
ue to potentially adverse pharmacological effect of lactam

nd the presence of gabapentin in the tablet-splitting program
f some insurance companies, gabapentin drug products were
elected to test the effect of splitting on tablet stability.

. Materials and methods
.1. Materials

Gabapentin tablets (600 mg) packed in bulk plastic bottle con-
ainers were obtained from three different manufacturers (G1,

U
t
t
g
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2 and G3) and stored at 25 ◦C and 60% relative humidity (RH).
abapentin and lactam (USP related compound A) reference

tandards were purchased from United States Pharmacopeia
USP) (Rockville, MD). Nylon syringe filters were purchased
rom Sun SRI (Rockwood, TN). HPLC grade monobasic potas-
ium phosphate, ACS grade phosphoric acid, ACS grade dibasic
otassium phosphate and HPLC grade acetonitrile and methanol
ere from Fisher Scientific (Fairlawn, NJ), JT Baker (Philips-
urg, NJ), and Burdick and Jackson (Muskegon, MI). HPLC
eady 18 m� water was obtained from a Milli-Q Gradient A-10
ater purification system (Millipore Corp., Bedford, MA).

.2. Sample preparation

Gabapentin tablets from each manufacturer were split into
wo parts using a tablet-splitter (Apothecary Products, Inc.,
urnsville, MN). Twenty intact tablets and 40 split portions from
ach manufacturer were weighed to determine the weight vari-
tion of the intact and the split tablets. Thirty-four intact tablets
nd 68 split halves of each product were randomly dispensed into
ndividual amber pharmacy container for each time point and
losed using a child resistant cap. Samples were stored in mon-
tored environmental chambers (Hotpack, Philadelphia, PA or
lectrotech, Glenside, PA) under long-term storage conditions

25 ◦C/60% RH) or intermediate stability conditions (30 ◦C/60%
H) for 9 weeks. On the appropriate time points (0, 2, 4, 6 and
weeks), the closed pharmacy vials were removed from the

ncubators and allowed to equilibrate at room conditions for at
east one hour. Samples were then analyzed for potency, hard-
ess and dissolution. Twenty intact tablets or 40 split portions
ere transferred to a mortar and ground with a pestle to a fine,
omogenous powder. Powder obtained from tablet grinding was
liquoted into labeled vials for subsequent potency experiments.

.3. Potency determination

Gabapentin potency and the lactam concentration were
etermined using a validated HPLC method (Ciavarella et
l., 2007). Briefly, an acetonitrile: 10 mM KH2PO4/10 mM
2HPO4 (pH 6.2) (8:92, v/v) mobile phase was used on
250 mm × 4.6 mm 5 �m Brownlee Spheri-5 Cyano column

Perkin-Elmer, Waltham, MA). The compounds were eluted
socratically at a flow rate of 1 mL/min over 10 min and ana-
yzed with UV detection at 210 nm. A portion of the ground
ablets equivalent to about 125 mg of gabapentin was accurately
eighed and transferred to a 50 mL volumetric flask. Approxi-
ately 40 mL of HPLC mobile phase was added to the flask and

he contents were sonicated for 15 min followed by 15 min on
mechanical shaker at 100 rpm. The flask was adjusted to vol-
me and mixed well. The resulting solution was filtered using
0.45 �m nylon filter into standard analytical glass vials and

njected into the HPLC. Three samples were prepared from the
owder mix of each 20 intact and 40 split tablets according to

SP criteria and injected twice. The amount of gabapentin and

he lactam were determined by comparing the peak area of the
est solutions with those of the standard solutions of the USP
abapentin and lactam reference standards.
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The amount of gabapentin was determined using the formula

00

(
CS

CU

) (
rU

rS

)

n which CS and CU are the concentrations, in mg/mL, of
abapentin in the standard solution and the test sample, respec-
ively; and rU and rS are the peak responses obtained from the
est sample and the standard solution, respectively.

The amount of gabapentin related compound A was deter-
ined using the formula

00

(
CS

CT

) (
rU

rS

)

n which CS is the concentration, in mg/mL, of USP gabapentin
elated compound A RS in the standard solution; CT is the con-
entration, in mg/mL, of gabapentin in the test samples; and rU
nd rS are the individual peak responses for gabapentin related
ompound A obtained from the test samples and standard solu-
ion, respectively.

.4. Dissolution testing

A calibrated USP II apparatus (Van Kel VK7000, Cary,
C) with paddles at 50 rpm was used for the dissolution

xperiment with 6 intact or 6 split tablets. The weights of
ndividual intact and split tablets were recorded before the dis-
olution test to determine the variation in the sample weight
ue to tablet splitting. The dissolution media was 900 mL
f 0.06 N HCl maintained at 37 ◦C. Five millilitre of media
as removed and filtered through a 0.45 �m nylon filter

t 15, 30 and 45 min. Samples were diluted 60:40 with a
ethanol:acetonitrile:250 mM KH2PO4 (1:1:6) dilution mix

nd analyzed using a validated HPLC method (Gupta et al.,
008). Briefly, a methanol:acetonitrile:20 mM KH2PO4 (pH 2.2)
5:5:90, v/v) mobile phase was used on a 250 mm × 4.6 mm
�m Luna Cyano column (Phenomenex Inc., Torrance, CA).
he compounds were eluted isocratically at a flow rate of
.25 mL/min over 10 min with UV detection at 210 nm. The
mount of gabapentin dissolved was determined by comparing
he peak area of the test solutions with those of the standard
olutions of the USP gabapentin reference standard using the
ormula

(rU × CS × 900 × 100)

rS × LC

n which rU and rS are the peak responses for the standard solu-
ion and the test samples, respectively; CS the concentration, in

g/mL, of the standard solution; 900 the volume, in mL, of dis-
olution medium; 100 the conversion factor to percentage; LC
s the tablet label claim in mg (600 for the whole tablets and 300
or the split tablets).
. Results and discussion

The tablets from the three manufacturers showed a higher
ariation in the sample weights for the split tablets as compared

s
t
t
p

ig. 1. Change in gabapentin potency for whole (�) and split (�) drug products
a: G1; b: G2; c: G3) over 9 weeks under 25 ◦C/60% RH (––) and 30 ◦C/60%
H (– –) storage conditions.

o the intact tablets. The intact tablets from the three manufac-
urers had a relative standard deviation (RSD) of <0.8% while
he G1, G2 and G3 split tablets showed a significant higher
ariation with RSDs of 4.0, 6.0 and 5.5%, respectively. The
1 and G3 tablets were scored while the G2 tablets were un-
cored. The G1 tablets gave an even cut while the G2 and G3
ablets gave uneven cuts and the halves often had “burrs” on
he cut edge thus giving higher weight variation for the split
ortions.
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Fig. 2. Change in lactam concentration whole (�) and split (�) drug products
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ucts containing the same active pharmaceutical ingredient are
required to be bioequivalent to the reference listed drug prod-
uct, in addition to meeting all pharmacopeial requirements. The
three drug products tested as part of this study were obtained
a: G1; b: G2; c: G3) over 9 weeks under 25 ◦C/60% RH (––) and 30 ◦C/60%
H (– –) storage conditions.

Tablets from all manufacturers had potency >90% at all time
oints. Gabapentin potency of whole and split G1 tablets showed
o change during the entire 9-week period, while whole and
plit G2 and G3 tablets under the intermediate storage condi-
ions showed a significant decrease (p < 0.02) in potency at the
nd of 9 weeks period as compared to the day zero samples

Fig. 1). There were no differences in gabapentin potency-time
elationship between the intact and the split tablets from the
ame manufacturer.
f Pharmaceutics 350 (2008) 65–69

For the three drug products tested, an increase in the amount
f lactam was observed for the samples stored under both storage
onditions. However, only samples stored under intermedi-
te storage conditions (30◦) showed a statistically significant
p < 0.01) increase in the lactam concentration (Fig. 2). The
hole and the split samples of G3, stored under intermediate

torage conditions (30◦) for 9 weeks, had lactam concentra-
ions of 0.42 ± 0.01% and 0.42 ± 0.01%, respectively, which
re slightly higher than the proposed limit of 0.4% in the
harmacopeial Forum 32(6) (2006). At all earlier time points,

he lactam levels were, however, within the above proposed PF
2(6) limits. The testing on G3 at the 9 weeks time point was
one during the last month of its 24 months expiration period
nd may be the reason for the elevated levels of the lactam con-
entration. However, there were no differences in the amount of
egradation product measured between the intact and the split
ablets from the same manufacturer at all time points and at both
emperatures.

The three drug products tested showed some differences
ithin their dissolution profiles (Fig. 3) with G2 displaying a sig-
ificantly faster (p < 0.01 at 10 and 20 min) dissolution than the
ther two drug products. However, all three tablet products tested
howed greater than 97% dissolution in 45 min and satisfied the
roposed Pharmacopeial Forum 32(6) (2006) limit of not less
han 80% dissolved in 45 min. Since all samples showed almost
omplete dissolution within 45 min, additional samples beyond
t were not tested. No significant differences were observed in
he amount of gabapentin dissolved or the dissolution profiles
hen comparing the intact and the split tablets samples from the

ame manufacturer stored under either stability condition for the
uration of this study. For all samples, the profiles for the whole
nd the split tablets were found to be identical to one another
nd to the profiles shown in Fig. 3.

The excipients (fillers, binders, lubricants, etc.) used to for-
ulate a pharmaceutical drug product influences its stability and

issolution characteristics. Due to this reason, all drug prod-
Fig. 3. Dissolution profiles of the three gabapentin drug products.
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rom three different pharmaceutical manufacturers. The differ-
nces observed in the stability and dissolution characteristics of
he three products were within the allowed limits, and could be
ue to the differences in the ingredients used in their respective
ormulation.

. Conclusions

The gabapentin drug products tested in this study were found
o be stable up to a period of 9 weeks under long-term and
ntermediate storage conditions as whole and split tablets. No
ignificant differences in product quality were observed for the
plit tablets as compared to the intact tablets. The potency and
issolution results satisfied the proposed acceptance criteria for
he gabapentin tablets in the PF 32(6) (2006). Lactam levels were
igher for two of the three drug products tested at all time points
ut were within the limits of the acceptance criteria proposed in
F 32(6) except for the 9 weeks whole and split samples of G3
tored under intermediate storage condition.

The tablets split in this study were done under strict laboratory
onditions. The potential for poor results from tablet splitting
significant split-tablet weight variability) by consumers, espe-
ially the elderly, may affect consumer compliance (small or
rumbling tablets) and clinical outcome. Tablet weight variabil-
ty from poor tablet splitting may also result in variations in
ome pharmacokinetic endpoints and may also involve some
ncreased risk for narrow therapeutic drugs that cannot be fully
nderstood based on the stability assessment for this split tablet
tudy. Therefore the stability results of this study should not be
xtended to other drug products or in no way conclude that the
uality attributes of split tablets are fully understood.
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