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Elimination of metformin–croscarmellose sodium
interaction by competition
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Abstract

During analytical method development and validation, a strong charge interaction between metformin and croscarmellose sodium was observed
when the aqueous solution containing metformin was spiked with croscarmellose sodium. The charge interaction resulted in the retention of
metformin in croscarmellose sodium and caused a serious drug recovery problem. The percent recovery of metformin in the solution was much lower
than its theoretical values, especially in the low metformin concentration range. To overcome the metformin–croscarmellose interaction, arginine was
selected as a competitor for the binding sites on croscarmellose sodium. Because of the competition and stronger interaction between arginine and
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roscarmellose sodium than metformin and croscarmellose sodium, a complete recovery of metformin in presence of arginine in both lo
oncentration ranges was achieved. The effect of arginine on the recovery of metformin and the competition mechanism are discussed
2006 Elsevier B.V. All rights reserved.
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. Introduction

Excipients formulated with drug substances are classified
ccording to their functionalities as diluents, disintegrants,
llers, binders, and lubricants. Traditionally, excipients are
harmacologically inert components in formulations. However,
any reports in the last few decades showed that excipients can
hysically or chemically interact with drug substances either in
olid state (Chen et al., 2005; Byrn et al., 2001; McDaid et al.,
003; Devi and Babu, 2000; Bruni et al., 2002; Dürig and Fassihi,
993; Lessen and Zhao, 1996; Torres and Camacho, 1994) or

iquid state (Ong et al., 1993; Chowhan and Chi, 1986a,b).
A common drug–excipient interaction is a charge interaction

Gordon et al., 1990; Crowley and Martini, 2001; Yamamoto,
997). Excipients and drugs with ionizable groups, like car-
oxylic and amino groups, can generate anions or cations,
espectively, depending upon the pH of the aqueous solution.

hen such an excipient is formulated with ionizable oppositely
harged drug substance, an ionic association or interaction may
ccur between drug and excipient. In some cases, an interac-

tion may lead to retention of drug in the excipient, whic
insoluble may impact drug product analysis, such as solub
disintegration, dissolution, and/or even bioavailability (Wang
and Chowhan, 1990; Welling et al., 1982; Liabres, 1982; Ak
2002; Hollenbeck, 1988). The degree of this impact depends
the physicochemical properties of the drug and excipient
strength of the interaction and the ratio of the drug and exci
in formulations.

Metformin/Starlix® bilayer tablet is a new combination pro
uct for type II diabetes. The drug product contains two drug
stances and excipients. During analytical method develop
and validation, the percent recovery of metformin was sig
cantly lower than the theoretical values, especially, for solu
with low metformin concentration. This paper describes
approach to solve the metformin recovery issue.

2. Experimental

2.1. Chemicals

Metformin (N,N-dimethylimidodicarbonimidic diamid
∗ Corresponding author. Tel.: +1 862 778 7284; fax: +1 973 781 2019.
E-mail address: wei.huang@pharma.novartis.com (W.X. Huang).

monohydrochloride) was obtained from Sandoz Pharma-
ceutical Corp. (Princeton, NJ, USA). Starlix® (N-(trans-
isopropylcyclohexanecarbonyl)-d-phenylalanine) and bilayer
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tablets of metformin/Starlix® were obtained from Novartis Phar-
maceuticals Corp. (East Hanover, NJ, USA). Arginine (TLC
grade), lysine (TLC grade), glutamic acid (TLC grade), and his-
tidine (TLC grade) were purchased from Sigma (St. Louis, MO,
USA). Acetonitrile (HPLC grade), octane sulfonic acid sodium
salt monohydrate (purity≥ 97%), trifluoroacetic acid (HPLC
grade), triethylamine (purity≥ 99.5%), sodium dodecyl sulfate
(purity≥ 99%), sodium dihydrogen phosphate monohydrate
(purity≥ 98%), and phosphoric acid (85 wt.% solution) were
purchased from Aldrich (Milwaukee, WI, USA). The following
USP grade excipients, croscarmellose sodium, magnesium
stearate, colloidal silica dioxide, and Avicel® were purchased
from FMC Corp. (Phila, PA, USA), FACI SRL (Carasco GE,
Italy), Cabot Corp. (Tuscola, IL, USA), and Quest International
(Norwich, NY, USA), respectively. Povidone K30 and K90
were purchased from BASF AG (Ludwigshafen, Germany).

2.2. Sample preparation

The sample preparation solvent consisted of 50% acetonitrile
and 50% water (v/v). One bilayer tablet dissolved in 50 ml of
sample solvent was defined as 100% concentration of the sample
solution, which contained 10 mg/ml of metformin, 2.4 mg/ml
of Starlix® and 2.5 mg/ml of placebo. The placebo contained
Povidone K90, magnesium stearate, Avicel®, Povidone K30,
croscarmellose sodium, and colloidal silica dioxide. In method
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ties of metformin, Starlix® and arginine were measured using
Waters model 996-PDA detector at a wavelength of 218 nm. The
flow rate was 1.0 ml/min under ambient condition and the injec-
tion volume was 50�l. Mobile phase A consisted of deionized
water with 10 mM octane sulfonic acid sodium salt monohydrate
adjusted at pH 2.7 with trifluoroacetic acid, and mobile phase B
consisted of 80% acetonitrile and 20% 10 mM octane sulfonic
acid sodium salt monohydrate adjusted at pH 2.7 with triflu-
oroacetic acid. Both mobile phases were degassed by vacuum
before use. A 26 min linear gradient was used.

The number of moles of carboxylic groups (–COO−) in
croscarmellose sodium was determined by titration using a
Brinkman 684 Titroprocessor. The titrants were 0.1000N of
sodium hydroxide and 0.0997N of hydrogen chloride.

3. Results and discussion

3.1. Drug–excipient interaction

Metformin is a strong base whose pKa is 12.4. This drug
is easily protonated and carries a positively charged amino
( NH2

+) group. Croscarmellose sodium is a crosslinked
polymer of carboxymethylcellulose sodium. This excipient
is insoluble in water, but can swell to two to four times of
its original volume in water (Row et al., 2003). Because of
the carboxylic groups, the surface of croscarmellose sodium
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ion range and from 20 to 100% in the high concentration r
hile the concentration of placebo was fixed at 2.5 mg/ml, w

ncluded 0.8 mg/ml of croscarmellose sodium. The sample
ions were further diluted by sample solvent after sonica
or 10 min and mechanically shaking for 30 min. The dilu
olutions were analyzed by a high performance liquid c
atography method.
The stock solutions of arginine, lysine, glutamic acid

istidine for the competition screening test were 10 mg/ml e
or the competition mechanism studies, 0.302 mM of metfo
nd 0.302 mM of arginine were prepared separately in 5
olumetric flasks. Croscarmellose sodium was added into
f these solutions from 0 to 40 mg at 10 mg intervals and
0 to 100 mg at 20 mg intervals. To investigate the influe
f arginine concentration on metformin recovery, arginine

ndividually added from 0 to 70 mg at 10 mg intervals into 50
f 1 and 20% of metformin solutions.

The metformin/Starlix® bilayer tablet contains metformi
ovidone K90, and magnesium stearate in one layer
tarlix®, Avicel®, Povidone K30, croscarmellose sodium, c

oidal silica dioxide, and magnesium stearate are present
ther layer.

.3. HPLC and titration methods

Meformin, Starlix®, and arginine were analyzed by HP
ethod, consisting of a Waters Alliance 2690 separation m
le and a reverse phase HPLC column (Xterra, RP18,
L) × 3.9 mm (i.d.) with 3.5�m particles). The peak inten
-

-

.

l
h

d

e

-

s ionizable in an aqueous solution and carries a nega
harged ion (–COO−) (Hollenbeck et al., 1983; Crowle
nd Martini, 2001). In the bilayer tablet, both metformin a
roscarmellose sodium were in separate layers resulting
inimal contact at the interface. Moreover, in the solid s

he carboxylic group in croscarmellose sodium may no
issociated due to low tablet water content of less than
ence, the drug–excipient charge interaction may be negle
owever, when the bilayer tablet was dissolved in the aqu
olution, the charge interaction between the positively cha
etformin and the negatively charged croscarmellose so
ccurred. The interaction led to a fraction of metformin to
etained on the surface of croscarmellose sodium, leading
–8% loss in metformin recovery from the tablets.

Table 1shows the percent recovery of metformin and Star®

n 0.05–1.0% and 20–100% concentration ranges of the the
cal concentrations of actives when these solutions were s
ith croscarmellose sodium based placebo. The recove
tarlix® was between 87.2 and 97.6% in 0.5–1.0% range
etween 99.6 and 101.8% in 20–100% range. The recove
tarlix® in both ranges met the validation criteria, which w
et as 80–120% in the 0.05–1.0% range, and 98–102%
0–100% range. In contrast, the percent recovery of metfo

n both ranges failed the criteria due to the drug–excipient i
ction. The recovery of metformin was found between 55.6
3.0% in the 0.05–1.0% range and between 91.9 and 98.

he 20–100% range as shown inTable 2. In the 0.05–1.0% con
entration range, the recovery of metformin was much lo
han its theoretical values. To increase the recovery of
ormin, different compositions of extraction solutions were u
ccording to the solubility of the bilayer tablet and chem
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Table 1
Percent recovery of metformin and Starlix® in different concentration solutions spiked with placebo

Percent concentration
of drugs in solutionsa

Percent recovery Percent concentration of drugs solutions Percent recovery

Starlix® Metformin Starlix® Metformin

0.05 87.2 55.6 20 101.8 91.9
0.10 91.6 66.4 40 101.3 94.2
0.20 93.2 66.7 60 100.0 95.2
0.50 96.2 71.2 80 99.6 96.7
1.00 97.9 73.0 100 99.8 98.0

a Metformin and Starlix®.

Table 2
Percent recovery of metformin in different concentration solutions spiked with placebo with/without competition

Percent concentration of
metformin in solutions

Percent recovery Percent concentration of drugs in solutions Percent recovery

Without arginine With arginine Without arginine With arginine

0.05 55.6 107.6 20 91.9 98.7
0.10 66.4 104.4 40 94.2 98.7
0.20 66.7 98.7 60 95.2 99.2
0.50 71.2 106.4 80 96.7 99.4
1.00 73.0 102.0 100 98.0 99.1

Table 3
Percent recovery of metformin in the spiked sample solutions by different extraction solvents

Metformin in solution (%) Sample extraction solvent Recovery (%)

20 Water/acetonitrile (50%/50%) 91.9
20 Water/methanol (50%/50%) 93.9
20 10 mM sodium hydrogen phosphate solution at pH 2.5/acetonitrile (50%/50%) 92.1
20 10 mM SDS solution/acetonitrile (50%/50%) 91.9
20 10 mM OSAS solution at pH 6.8/acetonitrile (50%/50%) 92.4
20 20 mM OSAS solution at pH6.8/acetonitrile (50%/50%) 93.7
20 1% Triethylaminev solution/acetonitrile (50%/50%) 93.7

SDS, sodium dodecyl sulphate; OSAS, octane sulfonic acid sodium salt monohydrate.

properties of drug substances.Table 3shows recovery of met-
formin by different extractions in the 20% concentration of
metformin solutions. The low recovery of these extractions indi-
cates existence of a strong interaction between the positively
charged drug and the negatively charged excipient.

In the spiked solution, a possible structure for the metformin
and croscarmellose sodium interaction may be a meta-stable
six-member complex based on ion–dipole interaction and two

O· · ·H N+ hydrogen bonds (Kalinkova, 1999; Jackson et al.,
2000). This complex might further be stabilized by the reso-
nance structures as shown inFig. 1a. The dynamic equilibrium
of the charge interaction between metformin and croscarmel-
lose sodium caused the drug recovery issue. The small amount
of metformin lost in such drug–excipient interaction sig-
nificantly affected the analytical method development and
validation.

To solve the drug–excipient charge interaction, several
approaches were tried. Due to the limits of solubility and stabil-
ity of the drugs and excipients, only a competition method was
chosen for the bilayer formulation. Based on pKa and functional
group, four basic amino acids (arginine, lysine, glutamic acid,
and histidine) were initially selected for the competition screen-
ing test. When the same amount of the amino acids was added

individually in the metformin sample solutions, these amino
acids showed different competing capabilities.Table 4shows
the results of the screening test, in which 99.0% of metformin in
the spiked solution was recovered by arginine competition. Com-
pared to the arginine, the recovery of metformin by other amino
acids was significantly less. Because of arginine’s higher pKa
and similar interacting functional group of metformin, arginine
demonstrated the highest capacity to displace metformin from
the binding sites on croscarmellose sodium as shownFig. 1b.
One of the pKas of arginine is 13.21, which is higher than that of
metformin (pKa = 12.4), and also higher than that of other amino
acids.

3.2. Competitor–excipient interaction

As shown inTable 4, arginine is an ideal competitor for
metformin compared with other amino acids. Based on the
properties of arginine, arginine would be expected to interact
with croscarmellose sodium with a greater affinity compared
the interaction between metformin and croscarmellose sodium.

1 From the Merck Index, 12th edition.
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Table 4
Recovery comparison of metformin in the spiked sample solutions containing amino acids

Name of compound Molecular formula Highest pKa Percent metformin recoverya

Arginine H2NC( NH)NH(CH2)3CH(NH2)CO2H 13.2 99.0
Lysine H2N(CH2)4CH(NH2)CO2H 10.3 96.5
Glutamic acid HO2CCH2CH2CH(NH2)CO2H 9.67 95.0

Histidine N = CHNHCH = CCH2CH(NH2)CO2H 8.97 96.0

a The concentration of metformin, crosscarmellose and amino acid, is 2, 0.8, and 1 mg/ml, respectively.

Fig. 1b shows the possible competitor–excipient interaction in
the solution or suspension.

To support our assumption of the competitor–excipient
interaction, the relative binding constant of metformin and
arginine with croscarmellose sodium were determined. For
metformin–croscarmellose interaction, the drug–excipient inter-
action equation and equilibrium constant based on the interac-
tion stoichiometry can be written as below:

[C−] + [M+] � [CM] (1)

KCM = [CM]

[C−][M +]
(2)

where [C−] and [M+] represent the molar concentrations of
the negatively charged croscarmellose sodium and positively
charged metformin in the solution at equilibrium, respectively.
[CM] represents the molar concentration of the metformin–

croscarmellose complex at equilibrium.KCM is an equilibrium
constant of metformin–croscarmellose interaction.

Similarly for arginine–croscarmellose interaction, the
competitor–excipient interaction equation and equilibrium con-
stant can also be written as below:

[C−] + [A+] � [CA] (3)

KCA = [CA]

[C−][A +]
(4)

where [C−] and [A+] represent the molar concentrations of
the negatively charged croscarmellose sodium and positively
charged arginine in the solution at equilibrium, respec-
tively. [CA] represents the molar concentration of arginine–
croscarmellose complex at equilibrium.KCA is an equilibrium
constant of arginine–croscarmellose interaction.
Fig. 1. Scheme of the possible charge interactions: (a) metformi
n–croscarmellose interaction; (b) arginine–croscarmellose interaction.
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Fig. 2. A typical HPLC chromatogram of arginine and metformin in the solution.

By combining Eqs.(1) and(3), and(2) and(4), the competi-
tion equation and binding constants can be derived as follow:

[CM] + [A+]
K1
�
K−1

1

[CA] + [M+] (5)

K1 = [CA][M +]

[CM][A +]
= KCA

KCM
(6)

K1
−1 = [CM][ A+]

[CA][ M+]
= KCM

KCA
(7)

K1 is a binding constant, where arginine displaces metformin to
form arginine–croscarmellose complex [CA].K−1

1 is an oppo-
site binding constant, where metformin displaces arginine to
form metformin–croscarmellose complex [CM]. The direction
of the competition depends onK1 andK−1

1 values. In the compe-
tition, if K1 > K−1

1 , the equilibrium of the competition will shift
from the left side to the right side of Eq.(5) favoring the displace-
ment of metformin. In contrast, ifK1 < K−1

1 , the equilibrium
will shift from the right side to the left side. From further rear-
rangement, it is easy to derive that theK1 is equal toKCA/KCM,
andK−1

1 is equal toKCM/KCA.
To prove that arginine could displace metformin, an exper-

iment was designed to determine the relative values ofKCA
andKCM. In the study, arginine and metformin solutions were
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Fig. 3. Comparison of arginine–croscarmellose interaction to metformin–
croscarmellose interaction in the suspensions.

eluted at 13.9 min. The two peaks are well separated and can be
quantitatively determined by external standard analysis.

As expected, when the same amounts of arginine and
metformin in their solutions were spiked separately with
croscarmellose sodium from 0 to 100 mg range, the amount
of free arginine observed was much less than that of free
metformin as shown inFig. 3. In other words, the amount of
arginine–croscarmellose complex formed was much higher
than that of metformin–croscarmellose complex. For exam-
ple, the amounts of arginine–croscarmellose complex and
metformin–croscarmellose complex at 100 mg croscarmellose
sodium solutions are 0.149 and 0.096 mM, respectively. As
mentioned earlier, when the initial amount of croscarmellose
sodium, [C−], added in metformin solution and arginine
solution are the same, and the initial concentrations of [M+] and
[A+] are also equal, then [CA] > [CM] at equilibrium indicating
that the equilibrium constant of arginine–croscarmellose (KCA)
is larger than that of metformin–croscarmellose (KCM) in the
charge interaction.

Since the concentration of carboxyl groups in croscarmel-
lose sodium cancels in Eqs.(6) and (7), the amount of free
arginine and free metformin in the solutions is enough to esti-
mate the relative value ofK1 and K−1

1 . However, to quanti-
tatively calculateK1 andK−1

1 , a titrametric method was used
to determine the moles of free carboxylic groups in a given
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.320 mM of the –COO− group in 100 mg of croscarmello
odium was found. After substituting the concentration
C−], [M +], [A +], [CA], and [CM] into Eqs.(2) and (4), the
quilibrium constants ofKCA and KCM were obtained at th
00 mg of croscarmellose sodium suspensions. The eq
ium constant (KCA) of arginine–croscarmellose interaction
.84× 102 [mol/l]−1 and the equilibrium constant (KCM) of
etformin–croscarmellose interaction is 1.04× 102 [mol/l]−1.
urthermore, the binding constants ofK1 andK−1
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ined at the 100 mg of croscarmellose sodium solution b
n their relationship withKCA andKCM. The binding constan
K1) of arginine–croscarmellose complex is 2.74 and the bin
onstant (K−1
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he value ofK1 is almost 7.5 times larger than that ofK−1

1 .
he binding constants indicate that the charge interaction i
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Fig. 4. Effect of arginine concentrations on the recovery of metformin in com-
petition.

competition is dominated by competitor–excipient interaction,
not by drug–excipient interaction.

3.3. Competition by arginine

Based on the experimental results, arginine was selected as
the competitor with metformin in the sample preparation.Fig. 4
shows the effect of arginine concentrations on the recovery of
metformin at 1 and 20% concentration solutions spiked with
croscarmellose sodium based placebo, when the amount of argi-
nine was added from 0 to 70 mg at 10 mg intervals. The recovery
of metformin significantly increased with increasing the amount
of arginine up to 20 mg. After 30 mg the recovery of metformin
reached a plateau. These curves indicate at least 30 mg of argi-
nine is needed in the sample solution if the bilayer formulation
contains 40 mg of croscarmellose sodium.

To eliminate the drug–excipient interaction in the method
validation, 50 mg of arginine as per tablet was added to the
sample solutions.Table 2 shows the recovery of metformin
over a 0.05–1.0% concentration range with and without argi-
nine competition. With arginine competition, the recovery of
metformin dramatically increased to 102.0–107.6% range com-
pared to the 51.5–73.1% range without arginine.Table 2also
shows the percent recovery of metformin in 20–100% concentra-
tion range with and without arginine competition. With arginine
c sed
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Fig. 5. The percent metformin found vs. the percentage of theoretical values:
(1) metformin alone; (2) metformin spiked with placebo; (3) metformin spiked
with placebo plus arginine.

placebo and arginine is essentially superimposable with that of
metformin alone due to the arginine competition.

4. Conclusion

The strong charged interaction between metformin and
croscarmellose sodium was successfully eliminated by arginine
competition. When a charge interaction between drug–excipient
occurs in the aqueous solution, and negatively impacts on
the recovery of drug substances, a competition method can
be employed for elimination of the drug–excipient interac-
tion. The pKa and the functional group of the competitor
are important considerations. In this example, arginine is an
ideal competitor for the displacement of the charge interac-
tion between drug–excipient due to its high pKa value and
the unique functional group. In this competition study, the
binding constants of arginine–croscarmellose complex (K1)
and metformin–croscarmellose complex (K−1

1 ) obtained from
experiment data support the competition mechanism hypothe-
sis. As a result, the percent recovery of metformin in presence
of arginine was significantly increased to its theoretical values
in both concentration ranges, especially in the 0.05–1.0% met-
formin concentration range.

References

A n. J.

B g–

B lid-
Rev.

C ell,
solid

X-ray
reso-

C from
isso-
ompetition, the recovery of metformin significantly increa
o 98.7–99.4% range compared to the 91.9–98.0% range w
rginine. In the presence of arginine, the recovery of metfo

n both of concentration ranges passed the validation criteri
he other hand, arginine additive did not have any interfer
n the recovery of Starlix®.

Fig. 5 shows plots of the theoretical percent of metfor
lone, metformin spiked with placebo, and metformin sp
ith placebo and arginine versus their percent found in the r
f 0.05–1.0%. The values ofR2 in these plots show that all the

ines are linear. However, the slopes of these lines are no
ame, 0.9974 for metformin alone, 0.7404 for metformin sp
ith placebo, and 1.0211 for metformin spiked with plac
nd arginine. The plot shows metformin spiked with plac
bviously deviated from that of metformin alone due to
rug–excipient interaction. The plot of metformin spiked w
n

e

e

kers, M.J., 2002. Excipient–drug interactions in parenteral formulatio
Pharm. Sci. 91, 2283–2300.

runi, G., Amici, L., Berbenni, V., Marini, A., Orlandi, A., 2002. Dru
excipient compatibility studies. J. Therm. Anal. Cal. 68, 561–573.

yrn, S.R., Xu, W., Eewman, A.W., 2001. Chemical reactivity in so
state pharmaceuticals: formulation implications. Adv. Drug Deliv.
48, 115–136.

hen, X., Griesser, U.J., Te, R.L., Pfeiffer, R.R., Morris, K.R., Stow
J.G., Byrn, S.R., 2005. Analysis of the acid–base reaction between
indomethacin and sodium bicarbonate using infrared spectroscopy,
powder, X-ray powder diffraction, and solid-state nuclear magnetic
nance spectroscopy. J. Pharm. Biomed. 38, 670–677.

howhan, Z.T., Chi, L.-H., 1986a. Drug–excipient interactions resulting
powder mixing III: solid state properties and their effect on drug d
lution. J. Pharm. Sci. 75, 534–541.



W.X. Huang et al. / International Journal of Pharmaceutics 311 (2006) 33–39 39

Chowhan, Z.T., Chi, L.-H., 1986b. Drug–excipient interactions resulting from
powder mixing IV: role of lubricants and their effect on in vitro dissolu-
tion. J. Pharm. Sci. 75, 542–545.

Crowley, P., Martini, L., 2001. Drug–excipient interactions. Pharm. Tech. Eur.
March, 26–34.

Devi, M.V., Babu, P.S.S.K., 2000. Drug–excipient interaction studies on
enalapril maleate. Int. J. Pharm. Excip. 2, 153–158.

Dürig, T., Fassihi, A.R., 1993. Identification of stabilizing and destabilizing
effects of excipient–drug interaction in solid dosage form design. Int. J.
Pharm. 97, 161–170.

Gordon, M.S., Chatterjee, B., Chowhan, Z.T., 1990. Effect of the mode of
croscarmellose sodium incorporation on tablet dissolution and friability.
J. Pharm. Sci. 79, 43–47.

Hollenbeck, R.G., Mitrevej, K.T., Fan, A.C., 1983. Estimation of the extent
of drug–excipient interactions involving croscarmellose sodium. J. Pharm.
Sci. 72, 325–327.

Hollenbeck, R.G., 1988. Bioavailability of phenylpropanolamine hydrochlo-
ride from tablet dosage forms containing croscarmellose sodium. Int. J.
Pharm. 47, 89–93.

Jackson, K., Young, D., Pant, S., 2000. Drug–excipient interactions and their
affect on absorption. Pharm. Sci. Tech. 3, 336–345.

Kalinkova, G.N., 1999. Studies of beneficial interactions between active
medicaments and excipients in pharmaceutical formulations. Int. J. Pharm.
187, 1–15.

Lessen, T., Zhao, D., 1996. Interaction between drug substances and excipi-
ents. 1. Fluorescence and HPLC studies of triazolophthalazine derivative

from hydralazine hydrochloride and starch. J. Pharm. Sci. 85, 326–
329.

Liabres, M., 1982. Quantification of the effect of excipients on bioavailability
by means of response surface, I: amoxicillin in fat matrix. J Pharm. Sci.
71, 924–927.

McDaid, F.M., Barker, S.A., Fitzpatrick, S., Petts, C.R., Craig, D.R.M., 2003.
Further investigation into the use of high sensitivity differential scanning
calorimetry as a means of predicting drug–excipient interactions. Int. J.
Pharm. 252, 235–240.

Ong, J.T.H., Chowhan, Z.T., Samuels, G.J., 1993. Drug–excipient interactions
resulting from powder mixing. VI. Role of various surfactants. Int. J.
Pharm. 96, 231–242.

Row, C.R., Sheskey, P., Waller, P., 2003. Hand book of Pharmaceutical Excip-
ients, fourth ed, pp. 181–183.

Torres, A.I., Camacho, M.A., 1994. Solid-state interaction of two new anti-
neoplastic drugs (mitonafide and amonafide) and common tablet excipi-
ents in preformulation studies. J. Pharm. Biopharm. 40, 41–43.

Welling, P.G., Patel, R.B., Patel, V.R., Grillespie, W.R., Craig, W.A., Albert,
K.S., 1982. Bioavailability of tolazamid from tablets: comparison of in
vitro and in vivo results. J. Pharm. Sci. 71, 1259–1263.

Wang, L.H., Chowhan, Z.T., 1990. Drug–excipient interaction resulting from
powder mixing. V. Role of sodium lauryl sulphate. Int. J. Pharm. 60,
61–78.

Yamamoto, K., 1997. Analysis of physicochemical interaction between drug
molecules and pharmaceutical excipients. Pharm. Tech. Jap. 13, 403–
415.


	Elimination of metformin-croscarmellose sodium interaction by competition
	Introduction
	Experimental
	Chemicals
	Sample preparation
	HPLC and titration methods

	Results and discussion
	Drug-excipient interaction
	Competitor-excipient interaction
	Competition by arginine

	Conclusion
	References


