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Lansoprazole (LSP)-loaded cochleates were developed using dimyristoyl phosphatidylcholine (DMPC)
and cholesterol in the presence or absence of dicetyl phosphate (DCP). Cochleates containing DCP
exhibited unique cylindrical morphologies, resulting in improved LSP loading and enhanced stability in
an acidic environment. Thus, we suggest that the use of negatively charged components, such as DCP, is
needed to formulate cochleates using a neutrally charged lipid such as DMPC.

Keywords: Lansoprazole, Cochleate, Acidic stability, Dimyristoyl phosphatidylcholine,
Dicetyl phosphate

A cochleate is a novel lipid-based formulation used to
deliver therapeutic molecules, such as drugs, genes, and
vaccines.1 Cochleates are derived from liposomes whereby
the addition of a cation entails fusion and rolling of phos-
pholipids.2 They present an elongated shape and a carpet
roll-like morphology, accompanied by narrowly packed
bilayers due to the interaction of phospholipid with divalent
cations such as Ca2+ as a bridging agent.2 To form this
arrangement, the assembly of bilayers is dependent on the
dehydration of the head groups of the phospholipids. Bila-
yers roll up to minimize their interactions with water, for-
ming cochleates with little or no aqueous phase.3,4 These
multilayered cylindrical structures are stable and can protect
encapsulated drugs from external harsh conditions or enzy-
matic attacks. A previous report described a stable
andrographolide-loaded cochleate, which did not show any
physical changes even after lyophilization and reconstitu-
tion without lyoprotectants.4

Lansoprazole (LSP) belongs to proton pump inhibitors,
and its chemical designation is 2-{[3-methyl-4-(2,2,2-trifluo-
roethoxy)pyridin-2-yl]methanesulfinyl}-1H-1,3-benzodiazoleis.
LSP is one of the effective and well-tolerated treatment
options in the management of acid-related disorders.5 It
reduces gastric acid secretion in both animal and human sub-
jects by inhibiting the gastric proton pump (H+, K+-ATPase)
in the secretory membrane of parietal cells.5 Although oral
administration is a main route for LSP, oral delivery of
LSP is highly limited due to its inherent instability in
acidic condition.6 As shown in Figure 1, LSP has an
inherent sulfoxide group and reduction of this group takes
place in exposure to acidic environment, resulting in
degradation of LSP.7 Without the protection via enteric
coating, LSP is degraded very rapidly under acidic

environments, while stable in neutral and alkaline condi-
tions.6 With this regard, strategies to protect LSP from the
destructive effects of gastric acid are necessary. As an
alternative approach, in this report, we introduce cochleate
formulations to enhance acid-lability of LSP.
Until now, dimyristoyl phosphatidylcholine (DMPC) has

been employed to develop a cochleate.
Although DMPC has a negatively charged phosphate

group, a choline head group forces it to be electrically neu-
tral. The neutral phospholipid may not form cochleate prop-
erly because of a lack of calcium binding. To supplement
insufficient negative charge, addition of other lipids with
negative charge such as dicetyl phosphate (DCP) may be
desirable. LSP-loaded cochleates were successfully pre-
pared by adding CaCl2 to liposomal vesicles composed of
DMPC and cholesterol in the presence or absence of DCP
as a negatively charged lipid. Developed cochleates were
evaluated their characteristics in terms of size, polydisper-
sity index (PDI), encochleation efficiency (EE), and drug
loading (DL). As shown in Table 1, size distribution of four
cochleates ranged from 251 to 347 nm with large PDI
values (0.38–0.46), indicating no homogeneous dispersion.
Cochleates tend to have nonuniform size and heterogeneity
because they are aggregated and not spherical.8 In contrast,
as a positive control, conventional liposomes were prepared
according to the same composition of cochleate B excluding
CaCl2 addition, resulted in homogeneous nanodispersion
in the size of 121.4 � 4.1 nm with PDI value of
0.103 � 0.024.
To visualize morphological aspects of each cochleate,

transmission electron microscopy (TEM) was carried out
using energy-filtering transmission electron microscope
(LIBRA 120; Carl Zeiss Meditec AG, Jena, Germany). As
shown in Figure 2, cochleate A (without DCP) showed sim-
ple aggregates of liposomes and no cylindrical structures‡These authors contributed equally to this work.

Communication
DOI: 10.1002/bkcs.12360 Y. T. Goo et al.

BULLETIN OF THE

KOREAN CHEMICAL SOCIETY

Bull. Korean Chem. Soc. 2021, Vol. 42, 1281–1284 © 2021 Korean Chemical Society and Wiley-VCH GmbH. Wiley Online Library 1281

http://crossmark.crossref.org/dialog/?doi=10.1002%2Fbkcs.12360&domain=pdf&date_stamp=2021-07-14


were found, on the other hand, specific morphologies of
cochleates existed in cochleate B, C, and D. These struc-
tures were consistent with previous reports, which were
fused and rolled-up.4,9 Because DMPC is a neutral phos-
pholipid, it was difficult to form cylindrical structure with-
out negatively charged component. By adding DCP to
DMPC-based cochleate, we were able to find typical cylin-
drical structures. After mild centrifugation (3000 � g,
10 min), aggregated precipitates were found in cochleates,
but not in liposomes possibly due to the solubilizing effect
of DMPC and other excipients. The EE and DL values of
cochleates ranged from 41.29% to 70.59% and 51.61 μg/
mg to 88.24 μg/mg, respectively. These values were greater
than those of the liposomes, which had the EE and DL
values of 40.85 � 4.12% and 51.06 � 0.52 μg/mg, respec-
tively. Because cochleates possess less aqueous phase and
more hydrophobic cavities in their structure compared to
liposomes, they take advantages of encapsulating hydropho-
bic drugs. Comparing EE between four cochleates,
cochleate A revealed the lowest value. Because cochleate A
was aggregated incompletely as shown in the TEM image,
it probably reduced the drug entrapment. In comparison,
cochleate B, C, and D were successfully formed, thereby
enhancing the EE. Comparing three formulations, the order of

EE values was cochleate B > cochleate C > cochleate D. This
might be attributed to the role of cholesterol. Previous reports
figured out that liposomes containing high content of choles-
terol stabilized and increased the hydrophobicity of the
membrane, which can favor the inclusion of hydrophobic
drugs.10,11

As depicted in Figure 3, raw LSP immediately degraded
after exposure to acidic condition because of its acid-labile
property. However, the cochleates protected LSP to a great
extent, even though the residual amounts of LSP were
decreased with time. Among four formulations, cochleate C
and D exhibited the greatest acidic stability, showing over
30% of residual LSP for 2 h. DCP which affords a negative
charge to liposomes enabled more rigid interactions with
divalent cations than DMPC-only liposomes, thereby
resulting in greater stability of LSP against acidic condition.
Besides degradation of LSP, the decrease behaviors in four
cochleates could be attributed to release of LSP. Thus, in
order to investigate how much drugs were released, by
replacing the acid medium, a comparative study was carried
out in distilled water, in which LSP is expected to be suffi-
ciently stable. On the other hand, residual LSP decreased in
four cochleates; however, the values were significantly
higher than those of the acidic condition. Further, LSP con-
centration in supernatant was analyzed: 44.2–57.5% of LSP
was released from cochleates for 2 h. Sum of residual
LSP and released LSP converged to 100% for all cochleate
formulations, suggesting that degradation of LSP did not
occur in distilled water. On the contrary, in the acidic con-
dition, LSP was not detected in the supernatant owing to
rapid degradation of LSP. Controlled release behavior is
disclosed as another important factor. By comparing the
residual amount of LSP at 2 h in both media, we found that
42.6% (cochleate A), 48.5% (cochleate B), 61.0%
(cochleate C), and 58.9% (cochleate D) of encochleated
LSP were protected from external acidic environment.
Alternatively, visual observation in naked eyes was car-

ried out during stability study (Figure 4). Cochleate B was
selected as a representative formulation. In distilled water,
both raw LSP and cochleate B showed no signs of

Figure 1. Degradation of lansoprazole in acidic condition.

Table 1. Composition of various cochleates and their characteristics.

Cochleate A Cochleate B Cochleate C Cochleate D

Composition (mg)
LSP 1 1 1 1
DMPC 6 6 6 6
Cholesterol 2 1.5 0.5 0
DCP 0 0.5 1.5 2
CaCl2 Lipid:CaCl2 = 1:4 (molar ratio)

Characteristics
Size (nm) 251.6 � 142.2 278.2 � 97.4 311.1 � 112.7 347.6 � 157.2
PDI 0.457 � 0.214 0.377 � 0.154 0.437 � 0.212 0.385 � 0.102
EE (%) 41.29 � 0.58 70.59 � 1.60 57.14 � 1.34 53.12 � 1.63
DL (μg/mg) 51.614 � 0.06 88.24 � 0.17 71.42 � 0.14 66.40 � 0.17
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degradation, maintaining their initial color and transparency
(raw LSP) or turbidity (cochleate). In contrast, in the
pH 1.2 medium, color changes were observed after 1 h,
indicating the degradation of LSP. Especially, raw LSP
turned into deep yellow color, whereas cochleate B rev-
ealed a mild color change, suggesting the relevant

stabilization effect of cochleation. These results were con-
sistent with outcomes of acidic stability test, in which LSP
loss was significantly reduced by cochleate formulation.
In summary, four cochleates showed unique structures,

which possess protective effect against external acids. Par-
ticularly, DCP effectively interacted with Ca2+, thereby
cochleate containing DCP reflected cylindrical morphol-
ogies, higher EE, and improved acid-protective effect.
Thus, we suggest that the use of negatively charged compo-
nent such as DCP is needed to formulate cochleates using
neutrally charged lipid such as DMPC. However, to apply
LPS-loaded cochleate for practical product development,
further optimization is still needed for not only stabilizing
acid-labile drug molecules but also controlling the release
of drugs.

Experimental

A thin lipid film hydration method was used to prepare
liposomal vesicles.12 Briefly, the specific amount of
DMPC, cholesterol, and DCP were dissolved in chloro-
form, and LSP was dissolved in methanol. After blending
these mixtures, organic solvent was removed via rotary
vacuum evaporation at 40 �C and solvent traces were
completely excluded under a nitrogen gas stream. Then,

Figure 2. TEM images of four cochleates. Size bars represent 0.1 μm.

Figure 3. Plots of the amount of LSP against time in pH 1.2 medium and distilled water. Solid and dashed lines represent the residual
amount of LSP and released amount of LSP, respectively.

Figure 4. Visual comparison of raw LSP and cochleate B during
acid-stability study.

Communication
BULLETIN OF THE

KOREAN CHEMICAL SOCIETY

Bull. Korean Chem. Soc. 2021, Vol. 42, 1281–1284 © 2021 Korean Chemical Society and Wiley-VCH GmbH. www.bkcs.wiley-vch.de 1283

 12295949, 2021, 10, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/bkcs.12360 by C

hung-A
ng U

niversity, Seoul, W
iley O

nline L
ibrary on [23/05/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



thin film was hydrated with 2 mL of distilled water and
sonicated using a probe type sonicator (Sonoplus, HD
2070; Bandelin Electronics, Berlin, Germany) operating at
50% power for 3 min under cooling with ice. Successively,
cochleates were prepared by the trapping method as previ-
ously reported.9 Accordingly, calcium chloride solution
(100 mM) was slowly added to LSP-loaded small
unilamellar vesicles under vigorous stirring until the vesicle
phase turned turbid owing to cochleate formation.
Droplet size and PDI were measured using a dynamic

light-scattering particle size analyzer (Zetasizer Nano-ZS,
Marlvern Instruments, Worcestershire, UK). For EE and
DL measurement, each LSP-loaded cochleate suspension
was centrifuged at 16 000 � g for 20 min to separate
cochleates from the supernatant. The sediment vesicles
were disrupted with methanol to break up vesicles and
release the entrapped drugs. Separately, LSP-loaded lipo-
some suspension was subjected to ultrafiltration using
Amicon® ultra-centrifugal filter (MWCO 100 000). The
percent EE and DL were calculated as follows: EE
(%) = (amount of drug entrapped in cochleates or lipo-
somes/total amount of the drug initially added) � 100; DL
(μg/mL) = amount of drug entrapped in cochleates or lipo-
somes/total amount of lipid.7,13 Analysis of LSP was car-
ried out using high-performance liquid chromatography
(HPLC) as previously reported.14 The isocratic mobile
phase consisted of 10 mM phosphate buffer and methanol
(45:55 vol/vol), then LSP detection was achieved at
285 nm.
For acid-protective study, specific amount of cochleates

equivalent to 0.5 mg LSP was dispersed into 5 mL of dis-
tilled water or pH 1.2 medium with gentle shaking at
37 �C, and sampled at 5, 30, 60, and 120 min, followed by
centrifugation. In addition, the residual amount of LSP in

pellets and the released amount of LSP in supernatant were
quantified using HPLC.

Acknowledgments. This work was supported by the Brain
Korea (BK) 21 FOUR through the NRF funded by the Min-
istry of Education of Korea. We also thank ESSAYREVIEW
(www.essayreview.co.kr) for English language editing
(#110455).

References

1. L. Zarif, Methods Enzymol. 2005, 391, 314.
2. P. Shende, R. Khair, R. S. Gaud, Drug Dev. Ind. Pharm.

2019, 45, 869.
3. Ö. Çoban, Z. De�gim, Turk. J. Pharm. Sci. 2018, 15, 16.
4. M. Asprea, F. Tatini, V. Piazzini, F. Rossi, M. C. Bergonzi,

A. R. Bilia, Pharmaceutics 2019, 11, 34.
5. L. B. Baradell, D. Faulds, D. McTavish, Drugs 1992,

44, 225.
6. M. Alai, W. J. Lin, Int. J. Nanomed. 2015, 10, 4029.
7. Z. D. Okram, B. Kanakapura, R. P. Jagannathamurthy, V. K.

Basavaiah, Quim. Nova 2012, 35, 386.
8. C. Bothiraja, B. D. Yojana, A. P. Pawar, K. S. Shaikh, U. H.

Thorat, Expert Opin. Drug Delivery 2014, 11, 17.
9. Z. Judeh, J. Drug Delivery Sci. Technol. 2019, 52, 27.
10. W. K. Subczynski, A. Wisniewska, J. J. Yin, S. J. Hyde, A.

Kusumi, Biochemistry 1994, 33, 7670.
11. M. L. Briuglia, C. Rotella, A. McFarlane, D. A. Lamprou,

Drug Delivery Transl. Res. 2015, 5, 231.
12. J. O. Eloy, R. Petrilli, D. L. Chesca, F. P. Saggioro, R. J. Lee,

J. M. Marchetti, Eur. J. Pharm. Biopharm. 2017, 115, 159.
13. T. Shanmugam, N. Joshi, N. Ahamad, A. Deshmukh, R.

Banerjee, Int. J. Pharm. 2020, 586, 119482.
14. W. J. Lin, Y. S. Duh, Eur. J. Pharm. Biopharm. 2016,

108, 297.

Communication
BULLETIN OF THE

KOREAN CHEMICAL SOCIETY

Bull. Korean Chem. Soc. 2021, Vol. 42, 1281–1284 © 2021 Korean Chemical Society and Wiley-VCH GmbH. www.bkcs.wiley-vch.de 1284

 12295949, 2021, 10, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/bkcs.12360 by C

hung-A
ng U

niversity, Seoul, W
iley O

nline L
ibrary on [23/05/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

http://www.essayreview.co.kr

	 Cochleate Formulation Enhances the Stability of Lansoprazole in Acidic Condition
	Experimental
	Acknowledgments

	References


