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Application of halloysite clay nanotubes as a pharmaceutical excipient

Raghuvara Yendluria, Daniel P. Ottob, Melgardt M. De Villiersb,*, Vladimir Vinokurovc,
Yuri M. Lvova,c

a Institute for Micromanufacturing, Louisiana Tech University, Ruston, LA 71272, USA
b School of Pharmacy, University of Wisconsin-Madison, Madison, WI 53705, USA
c I. Gubkin Russian State University of Oil and Gas, Moscow 119991, Russia

A R T I C L E I N F O

Article history:
Received 3 November 2016
Received in revised form 13 February 2017
Accepted 19 February 2017
Available online 21 February 2017

Keywords:
Halloysite
Nifedipine
Excipients
Tablets
Sustained release

A B S T R A C T

Halloysite nanotubes, a biocompatible nanomaterial of 50–60 nm diameter and ca. 15 nm lumen, can be
used for loading, storage and sustained release of drugs either in its pristine form or with additional
polymer complexation for extended release time. This study reports the development composite tablets
based on 50 wt.% of the drug loaded halloysite mixed with 45 wt.% of microcrystalline cellulose. Powder
flow and compressibility properties of halloysite (angle of repose, Carr’s index, Hausner ratio, Brittle
Fracture Index, tensile strength) indicate that halloysite is an excellent tablet excipient. Halloysite tubes
can also be filled with nifedipine with ca. 6 wt.% loading efficiency and sustained release from the
nanotubes. Tablets prepared with drug loaded halloysite allowed for almost zero order nifedipine release
for up to 20 h. Nifedipine trapped in the nanotubes also protect the drug against light and significantly
increased the photostability of the drug. All of these demonstrate that halloysite has the potential to be an
excellent pharmaceutical excipient that is also an inexpensive, natural and abundantly available material.

© 2017 Elsevier B.V. All rights reserved.
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1. Introduction

Halloysite clay is a naturally formed tubular material with a
chemical formula of Al2Si2O5 (OH)4. These nanotubes have an outer
diameter of 50 � 10 nm, inner lumen of 15 � 5 nm and length of
800 � 300 nm (Fig. 1). The nanotube walls contain 10–15 closely
packed aluminosilicate sheets with spacing of 0.72 nm between
each layer. The surface of halloysite tubes is comprised of silica and
its inner lumen is composed of alumina. Therefore, a strong
negative zeta-potential of �35 mV on the tube’s surface and a
positive +25 mV within the inner lumen in aqueous dispersions at
pH 4–8 are evidenced. Halloysite tubes are inert and stable in wide
range of pH (3–10) (Lvov et al., 2016a,b). Halloysite was determined
to be biocompatible through in-vitro studies of tissues and
biological cells. Halloysite is safe if added to cell cultures,
microworms or infusoria at a concentration of up to 0.5 mg/mL
(Lvov et al., 2016a,b; Vergaro et al., 2010; Fakhrullina et al., 2015).

Since these nanotubes are readily available at a low cost and are
biocompatible, they were successfully utilized in the past for the
encapsulation and sustained release of a wide variety of drugs. The
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usual loading efficiency of the drugs within the lumen is 10–15 wt.
% which corresponds to its 15 nm inner lumen volume. Halloysite
can be used in its native form or functionalized to increase the drug
loading efficiency. Halloysite was earlier used for the loading and
sustained release of tetracycline, kellin and nicotinamide adenine
dinucleotide (Fakhrullina et al., 2015). Furosemide, nifedipine,
dexamethsone (Price et al., 2001), 5-amino salicylic acid (Veer-
abadran et al., 2007) and antiseptics (Aguzzi et al., 2013) were
loaded into pristine halloysite, resulting in colloidal formulations.

The surface/lumen of halloysite was modified by 3-amino-
propyltriethoxysilane, to load ibuprofen (Wei et al., 2014), aspirin
(Tan et al., 2013), diclofenac sodium via hydrogen and ionic
bonding (Lun et al., 2014) and triazolium salts to load curcumin
also through its ionized/deionized states at various pH values
(Hemmatpour et al., 2015). The inner lumen was etched using acid/
base to increase loading of the antibacterial drug ofloxacin (Riela
et al., 2014; Wang et al., 2014). By coating the nanotubes with
dextrin/glycogen, the release of antiseptic agent Brilliant green was
significantly decelerated. The loaded drugs were released in vitro at
a sustained rate for a duration of 5–12 h (Wang et al., 2014). An
additional polymeric encapsulation of the loaded tubes allowed for
extended release for up to 50–100 h (Tully et al., 2016; Dzamukova
et al., 2015).

Despite a wide range of halloysite drug composites being
studied, none has been developed into any pharmaceutical
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