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Purpose. Sodium lauryl sulfate (SLS) is a commonly used surfactant
in dissolution media for poorly water soluble drugs. However, it has
occasionally been observed that SLS negatively impacts the dissolu-
tion of drug products formulated in gelatin capsules. This study in-
vestigated the effect of SLS on the dissolution of hard gelatin capsule
shells.
Methods. The USP paddle method was used with online UV moni-
toring at 214 nm (peptide bond). Empty size #0 capsule shells were
held to the bottom of the dissolution vessel by magnetic three-prong
sinkers.
Results. SLS significantly slowed down the dissolution of gelatin
shells at pH < 5. Visually, the gelatin shells transformed into some
less-soluble precipitate under these conditions. This precipitate was
found to contain a higher sulfur content than the gelatin control
sample by elemental analysis, indicating that SLS is part of the pre-
cipitate. Additionally, the slowdown of capsule shell dissolution was
shown to be dependent on the SLS concentration and the ionic
strength of the media.
Conclusions. SLS interacts with gelatin to form a less-soluble pre-
cipitate at pH < 5. The use of SLS in dissolution media at acidic pH
should be carefully evaluated for gelatin capsule products.
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INTRODUCTION

Synthetic surfactants have widely been used in recent
years for dissolution testing of poorly water soluble drug
products. A number of studies have demonstrated that these
surfactants can mimic, to some extent, the naturally occurring
surfactants and micellar media in the gastrointestinal tract
(1,2). Among common surfactants, sodium lauryl sulfate
(SLS) is the most frequently used due to its excellent solubi-
lization capacity, low cost, and the ease of use as a solid.

Formulated hard gelatin capsule dosage forms are com-
monly used for oral administration. Previous studies have
shown that the presence of SLS in the dissolution media may
slow down the dissolution of capsule formulations and in-
crease the variability among capsules (3,4). However, this
phenomenon has not been well-characterized or reported in
the pharmaceutical literature. Typically, only the dissolution
of the active ingredient is monitored and reported. What ac-
tually happens to the capsule shell is often overlooked or
limited to visual observation. The current work is focused on
the effect of SLS on the dissolution of the hard gelatin capsule

shells in commonly used dissolution media. The study find-
ings should be helpful in dissolution method development for
poorly water soluble drug products. The conclusions also may
be applicable to capsule formulations containing a significant
amount of SLS as an excipient.

MATERIALS AND METHODS

Materials

Size #0 gray opaque hard gelatin capsule shells were ob-
tained from Capsugel (Morris Plains, NJ, USA). These cap-
sules were prepared from a mixture of type A and type B
gelatin, and the exact ratio was not disclosed by Capsugel.
Magnetic three-prong sinkers were purchased from Vankel
(Cary, NC, USA). Sodium lauryl sulfate (>99% pure) and poly-
sorbate 80 were purchased from EM Science (Gibbstown, NJ,
USA). Type A and type B gelatin powders were purchased
from Sigma (St. Louis, MO, USA); type A was from porcine
skin (ca. 175 bloom), and type B was from bovine skin (ca. 225
bloom). All other chemicals used were at least ACS reagent
grade.

Dissolution Method

A Distek dissolution system (Model 2100A; North
Brunswick, NJ, USA) with the USP apparatus 2 (paddle) was
used for the dissolution studies of the hard gelatin capsule
shells. All experiments were conducted at 50 rpm in 500-ml
media maintained at 37°C. HCl (0.001–0.1 N), sodium acetate
buffer (50 mM), and sodium phosphate buffer (50 mM), with
or without SLS, were used as the dissolution media to cover
the pH range of 1–7. The dissolution media containing SLS
were freshly prepared and used within 4 h of preparation. The
magnetic three-prong sinker was used to hold the empty cap-
sule shell at bottom of the vessel. This type of sinker has been
demonstrated to exert less interference to the dissolution of
capsules than coil sinkers (4,5). Sample analysis was carried
out by an automated online UV system (Agilent Model 8453;
Palo Alto, CA, USA) at a wavelength of 214 nm (peptide
bond).

Elemental Analysis

The sample for elemental analysis was prepared as fol-
lows. A 30% w/w gelatin solution (type A or type B) in water
was prepared at 65°C. The solution was poured into a 1⁄2-in.
die and cooled to room temperature (RT). The gel was
pushed out of the die and added to 0.01 N HCl with 1% SLS
at 37°C. After 10 min of stirring, the precipitate was isolated
and washed with cold water followed by drying under the
ambient conditions. The dried sample was submitted for el-
emental analysis (C, H, N, and S). The starting material was
also submitted as a control.

Surface Tension Measurement

A Krüss K-10 surface tensiometer (Charlotte, NC, USA)
equipped with a Wilhelmy Plate was used to measure the
surface tension as a function of SLS concentration in 0.1 N
HCl at room temperature. Due to the presence of surface
active impurity, the critical micelle concentration (CMC) of
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SLS in 0.1 N HCl was estimated to be the concentration at
which the lowest surface tension value was obtained (6). CMC
of SLS in water was also determined to validate the method-
ology; the experimental value (data not included) was found
to be in good agreement with the value reported in literature.

RESULTS

Effect of SLS and pH

Dissolution of hard gelatin capsule shells was performed
in media at pH 1–7 in the presence or absence of 1% (w/v;
units used throughout) SLS, and the dissolution profiles are
shown in Fig. 1. It should be mentioned that in the absence of
SLS, dissolution rate of gelatin is known to decrease slightly
as pH increases from 1 to 7. This is due to the inherent pH-
solubility behavior of gelatin, which has an isoelectric point
around pH 5–8 (7). In the presence of 1% SLS, the dissolution
of gelatin shells slowed down significantly in the low pH me-
dia as shown in Figs. 1 a–d. Visually, the undissolved gelatin
shell was observed to become like “stringy cheese,” which

took much longer time to dissolve. This unknown structure of
gelatin is termed �unknown precipitate� in the following text.
As the pH increased, the formation of this unknown precipi-
tate in the presence of SLS became less pronounced. At pH
> 5 (Figs. 1 e–f), there was essentially no difference between
the dissolution profiles obtained from the media with or with-
out SLS.

It was noticed that the pH of 0.01 N and 0.001 N disso-
lution media increased by ca. 0.5 pH unit upon the addition of
1% SLS. To eliminate any potential interference due to this
pH difference, the experiments were repeated in phosphate
buffers at pH 2.1 and 3.1. As shown in Fig. 2, the results from
the buffered systems were similar to those obtained from the
unbuffered systems shown in Figs. 1 b and c.

Effect of SLS Concentration

The 0.1 N HCl system was chosen to study the effect of
SLS concentration on the dissolution of gelatin capsule shells.
The concentration of SLS commonly used in dissolution me-
dia ranges from 0.1–3% (1,2). Surface tension as a function of

Fig. 1. Effect of 1% SLS on the dissolution of hard gelatin capsule shells at 37°C in (a) 0.1 N HCl,
(b) 0.01 N HCl, (c) 0.001 N HCl, (d) 50 mM sodium acetate buffer pH 4.0, (e) 50 mM sodium acetate
buffer pH 5.5, and (f) 50 mM sodium phosphate buffer pH 6.8. Data represent mean ± SD (n � 3).
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SLS concentration in 0.1 N HCl was first measured to deter-
mine the critical micelle concentration (CMC), and it was
estimated to be 0.03%. Therefore, the typical range of 0.1–3%
SLS used in the dissolution media is well above the CMC of
SLS in 0.1 N HCl. The dissolution of gelatin capsule shells as
a function of SLS concentration between 0.1–3% was then
performed in 0.1 N HCl. The dissolution profiles are pre-
sented in Figs. 3 a and b. At <1% SLS, the dissolution rate
decreased as the SLS concentration increased, with the most
significant change at >0.25%. When the SLS concentration

increased to above 1%, interestingly the dissolution did not
slow down any further.

Characterization of the Unknown Precipitate

It was speculated that the unknown precipitate observed
in the above dissolution experiments might be formed
through some interactions between SLS and gelatin. Elemen-
tal analysis of the precipitate was conducted to confirm this
hypothesis. The unknown precipitate was reproduced in
larger quantities using gelatin powder (both type A and type
B) as described in the “Materials and Methods” section. The
elemental analysis results are summarized in Table I. In com-
parison to the control starting material, there was an increase
in the sulfur content for the unknown precipitate obtained
from either type of gelatin. This suggests that the unknown
precipitate contained bound SLS. Due to the heterogeneous
composition of gelatin, it is not possible to determine the
precise molar ratio of SLS:gelatin in the precipitate.

Effect of Ionic Strength

To understand the nature of the interaction between SLS
and gelatin, the dissolution experiment in 0.01 N HCl with 1%
SLS was repeated with additional 0.1 M NaCl. A control ex-
periment without SLS was also conducted. The results are
illustrated in Fig. 4. In comparison to the profile in Fig. 1b, the
capsule dissolution slowdown caused by SLS was more pro-
nounced with the increased ionic strength. In the absence of
SLS, the addition of NaCl did not affect the dissolution of the
capsule shell.

Fig. 2. Effect of 1% SLS on the dissolution of hard gelatin capsule shells at 37°C in (a) 50 mM sodium
phosphate buffer pH 2.1 and (b) 50 mM sodium phosphate buffer pH 3.1. Data represent mean ± SD
(n � 3).

Fig. 3. Dissolution profiles of hard gelatin capsule shells at 37°C in
0.1 N HCl with (a) 0.1–1% SLS and (b) 1–3% SLS. Data represent
mean ± SD (n � 3).

Table I. Elemental Analysis Results of the Unknown Precipitate and
the Starting Material

Element
Gelatin A

(%)
Unknown from
gelatin A (%)

Gelatin B
(%)

Unknown from
gelatin B (%)

C 44.24 48.92 42.96 48.30
H 6.70 7.18 6.45 7.55
N 16.49 13.64 15.48 13.55
S 1.01 2.75 0.47 2.59
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Polysorbate 80 vs. SLS

Polysorbate 80 is a commonly used non-ionic surfactant.
The dissolution of the hard gelatin capsule shells was con-
ducted in 0.01 N HCl with 0.1% polysorbate 80 (>CMC) for
comparison with the SLS-containing media. As shown in Fig.
5, polysorbate 80 did not cause any slowdown of the capsule
dissolution, and it appeared to accelerate slightly the dissolu-
tion.

DISCUSSION

Gelatin is a heterogeneous protein mixture of partially
hydrolyzed animal collagen. Type A is obtained from acid
hydrolysis, and type B is obtained from alkaline hydrolysis.
The hard gelatin capsule shells used in this study are made
from a mixture of type A and type B gelatin. Gelatin contains
most of the essential amino acids, including the basic amino
acids that are capable of potential salt formation with SLS.
The typical molecular weight range of gelatin is 15–250 kDa,
and the isoelectric point is around pH 5–8 (7). Therefore, the
overall net charge of gelatin at pH < 5 is positive. Studies have
demonstrated that in the gel state, gelatin retains some of the
secondary and tertiary structures of collagen and that the gel
rigidity decreases at pH < 4 and > 10 (7). It can be assumed

that the gelatin conformation stability is directly correlated to
its rigidity and thus a function of the pH as well.

SLS is a well-known protein solubilizer and denaturant,
and it is frequently used in protein purification and analysis.
The denaturation (unfolding) process of protein molecules
exposes the hydrophobic regions to the aqueous solvent en-
vironment, which sometimes leads to protein aggregation and
precipitation through hydrophobic interactions. It has been
reported that the susceptibility of a protein to SLS-induced
denaturation depends on the charge state and the conforma-
tion stability of the protein (8).

The slowdown of gelatin capsule shell dissolution re-
ported in this work appears to be an outcome of the physi-
cochemical properties of gelatin as a function of pH and the
denaturing effect of SLS. At low pH, the conformation of the
gelatin is probably less stable, and its overall net charge be-
comes more positive as discussed above. These changes could
render the gelatin molecules more prone to SLS-induced de-
naturation and precipitation. Moreover, SLS appears to bind
to gelatin in the precipitation process as supported by the
elemental analysis results and the effect of SLS concentration.

In theory, SLS can interact with gelatin through ionic
charge–charge interactions and/or hydrophobic interactions.
Typically, ionic interactions, as present in salts, would be im-
paired by increased ionic strength in the media. On the other
hand, hydrophobic interactions are usually enhanced when
ionic strength is increased. The fact that the additional 0.1 M
NaCl in 0.01 N HCl with 1% SLS led to a further decrease in
gelatin dissolution rate suggests that SLS binds to gelatin
through predominantly hydrophobic interactions. Thus, the
SLS-induced precipitation of gelatin at low pH may be due to
the decreased conformation stability of gelatin rather than the
increased positive net charge.

The SLS-induced gelatin precipitation is dependent on
the SLS concentration as demonstrated in the 0.1 N HCl sys-
tem. The typical range of 0.1% to 3% SLS used in dissolution
media is well above the CMC of SLS in 0.1 N HCl, and
therefore, the surface tension is constant. The decrease in
capsule dissolution rate as a function of SLS concentration is
attributed solely to the increased SLS:gelatin ratio. The inter-
action between SLS and gelatin leading to precipitation ap-
pears to be saturated at around 1% SLS, above which the
solubilization effect of SLS becomes significant.

Outside the protein literature, similar observations have
been reported on the interactions between SLS with cationic
polymers (9,10). The solution pH and the SLS:polymer ratio
were found to be the most important factors leading to the
formation of different complexes: soluble complex, gummy
rubbery precipitate, and redispersible solid. The complex-
ation process in these systems was ascribed to both hydro-
phobic interactions and charge–charge interactions.

In comparison to these polymers, gelatin is a heteroge-
neous amphiphilic polymer system with a range of complex
conformation structures. In addition, this work focuses on a
kinetic dissolution event rather than an equilibrium state in
solution, which makes it more challenging to interpret the
data and to elucidate the mechanism. The goal of this study is
to demonstrate the effect of SLS in media on the dissolution
of hard gelatin capsule shells. Further understanding of the
mechanism of SLS–gelatin interactions at the molecular level
will require equilibrium studies, perhaps with a simplified
model peptide/protein resembling gelatin.

Fig. 4. Effect of increased ionic strength (0.1 M NaCl) on the disso-
lution of hard gelatin capsule shells at 37°C in 0.01 N HCl with or
without 1% SLS. Data represent mean ± SD (n � 3).

Fig. 5. Effect of 0.1% polysorbate 80 on the dissolution of hard gela-
tin capsule shells in 0.01 N HCl. Data represent mean ± SD (n � 3).
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CONCLUSIONS

SLS in dissolution media caused a slowdown of the dis-
solution of hard gelatin capsule shells at pH < 5 due to the
formation of a less-soluble precipitate of gelatin. This gelatin
precipitate contained bound SLS through hydrophobic inter-
actions. Because SLS is typically added to dissolution media
to improve the dissolution of poorly water soluble drugs, the
slowdown of gelatin capsule shell dissolution can potentially
counteract this effect. Other surfactants, such as polysorbate
80, should be investigated as an alternative to SLS in disso-
lution method development of gelatin capsule products if a
low pH is required. The interaction between SLS and gelatin
at acidic pH may also present a problem for SLS-containing
gelatin capsule formulations, not only for in vitro dissolution
testing but also during in vivo dissolution in the acidic stom-
ach environment. The magnitude of the problem, however,
will probably depend on the amount of SLS used, the intrinsic
dissolution behavior of the active ingredient, and other for-
mulation parameters.
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