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ABSTRACT

Despite the well-known anti-mycobacterial actions of isoniazid (INH) and rifampicin (RIF), the clinical success of tuberculosis
(TB) therapy requires prolonged administration of multiple drugs in high doses, which often result in frequent adverse effects
and low patient adherence. Although liposomes are promising candidates for controlled delivery of anti-TB drug, the high cost of
synthetic and highly purified natural lipids currently used in liposomal technology might preclude the universal application of
therapeutic liposomes. This work aimed at evaluating the potential of a cost-effective lipid material, crude soybean lecithin (CL),
to co-encapsulate RIF and INH for liposomal dual delivery. RIF was encapsulated in CL-liposomes with/without cholesterol
using film hydration method, after which INH was incorporated using a freeze–thawing technique. Dynamic light scattering,
differential scanning calorimetry, X-ray diffraction and dialysis were used for liposome characterization. Liposomes containing
CL alone (CLL) exhibited 90 % encapsulation efficiency for RIF and 59 % for INH. The mean size and surface charge of CLL were
1114 nm and –63 mV, respectively. In addition, CLL showed a controlled release profile for the co-encapsulated drugs. CLL would
be promising vehicles for macrophage-targeting drug delivery. The present findings demonstrate the feasibility of using CL for
preparation of combination products for liposomal delivery.
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1. Introduction
Tuberculosis (TB) is a microbial infection that is currently part

of the most dominating public health concerns.1 Despite the
significant decrease in incidence from 2004 to 2014,2 TB remains a
common deadly infectious disease in developing countries,
where one TB-infected patient dies every 15–20 seconds.1,3,4

Rifampicin (RIF) and isoniazid (INH) are two drugs used in
the current regimen for TB therapy and, with pyrazinamide
(PYZ) and ethambuthol (ETM), form part of first-line anti-TB
drug therapy.4,5 There is evidence that RIF can inhibit DNA-
dependent RNA polymerase of intra-macrophage microorgan-
isms, such as Mycobacterium tuberculosis.6,7 The sterilizing effect of
INH may be explained by its ability of inhibiting synthesis of
mycolic acid and producing active free radicals inside the
mycobacterial organism.8–10 Although each of these medicines is
effective, their use in combination for TB therapy is recom-
mended as monotherapy often results in resistance.1,11,12 RIF
associated with INH exhibits high cure rates of up to 95–98 %
when treating susceptible organisms. However, hepatic first
pass metabolism and nonselective bio-distribution of these
drugs may result in a significant decrease in bioavailability when
using currently available dosage forms. As a result, clinical
success of TB therapy requires prolonged administration of
multiple drugs in high doses, which often cause side effects that
result in poor patient adherence to the treatment.5,13 These issues
justify an urgent need to develop new strategies to improve
anti-TB therapy.

Considering the biological localization of M. tuberculosis, mostly
within macrophages,14 the use of particulate drug carriers that

can be taken up by cells of the mononuclear phagocytic sys-
tem (CMPS) represents a promising alternative therapeutic
approach. The work by Parikh et al. is a typical illustration of
the potential of colloidal vehicles to achieve controlled anti-TB
drug delivery to the CMPS. Using INH-loaded polymeric micro-
particles (of poly-e-caprolactone), the authors observed much
higher drug accumulation inside alveolar macrophages than
non-encapsulated INH administered via the same route (i.e.
inhalation as a dry powder).15 Among drug vehicles that can
afford macrophage passive targeting (based on their colloidal
nature), liposomes represent the most commonly investigated
due to their first ranking as the most clinically established drug
carriers.16 Liposomes are phospholipid-based vesicular systems
that are increasingly being investigated for antimicrobial drug
delivery.17 Apart from their well-known ability to be avidly
engulfed by the CMPS,18,19 liposomes hold several advantages
that justify their clinical reputation and therapeutic success. The
advantages of liposomes over other drug vehicles include high
biocompatibility and biodegradability, low toxicity and poor
immunogenicity, improved drug solubility and controlled
distribution.16,19 Moreover, liposomes offer the advantage of easy
surface modification, which adds on the possibility for active
targeting, on top of the native passive targeting feature.14,20

The macrophage active targeting properties can be obtained by
decorating liposomes surface with negative charges or specific
receptor ligands. An extensive illustration of the macrophage-
targeting concepts could be the work by Vyas et al.21 In compari-
son with non-decorated/neutral liposomes, this research group
observed enhanced intramacrophage accumulation of the
O-steroyl amylopectin-decorated and negatively charged
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liposomes. Kaul et al.22 also witnessed the active targeting
concept, when studying folate-receptor targeted liposomes for
non-invasive co-delivery of RIF and ofloxacin to macrophages in
inflammatory lesions. This recent example also illustrates
another unique feature of liposomal vehicles, viz. the ability to
accommodate multiple cargoes, which aligns well with the
recommended multidrug therapy for TB and has been investi-
gated for co-encapsulation of first-line anti-TB drugs.23

There are reports discussing the potential of liposomes to
co-encapsulate INH and RIF for dual delivery. Deol et al.24 have
developed a liposomal system composed of egg-yolk phospha-
tidylcholine, cholesterol, distearoylphosphatidylethanol-
amine-polyethyleneglycol 2000, dicetylphosphate and
O-stearyl amylopectin for the delivery of INH and RIF. These
liposomes demonstrated a sterilizing effect in M. tuberculosis-
infected mice following intravenous administration of two doses
of formulation per week for six weeks. Labana et al.25 studied
pharmacokinetic parameters such as the maximum plasmatic
concentration (Cmax), the area under the curve (AUC) and the
elimination rate constant (Kel) following weekly intravenous ad-
ministration of the same formulation. In general, the liposomes
exhibited greater accumulation of the two drugs in the lungs,
spleen and liver in addition to better outcomes in infected ani-
mals when compared to the free drugs. Another illustration
could be the work reported by Gürsoy et al.26 These authors used
egg-yolk phosphatidyl-choline type XI-E and dipalmitoyl-phos-
phatidyl-choline in combination with cholesterol (Chol) for
liposomal co-encapsulation of INH and RIF. These liposome
formulations demonstrated sustained release of the compounds
and were deemed to be promising vehicles for improving the
pharmacokinetics of therapeutic molecules.

Despite the potentials of liposomes as a delivery system, the
high cost of liposomal technology, because of the need for
expensive synthetic or high-grade natural phospholipids;27,28

might preclude its universal application. The economic status of
formulation materials is particularly relevant when addressing
poverty related diseases like TB. Therefore, we have previously
set ourselves an ambitious goal of looking into potential strate-
gies towards development of affordable liposomal technologies
for widespread application of therapeutic liposomes in the
developing world. As a start, crude soybean lecithin (which is a
cheap FDA-approved natural lipid mixture)29 was evaluated as a
cost-effective option for liposomal encapsulation of small hydro-
philic drug molecules like INH. The liposomes formulated with
crude soybean lecithin exhibited much higher encapsulation
efficiency (79 %) than those made of purified soybean lecithin
(21 %).29 However, since these liposomes showed bust release
profiles, our group has further performed hydrazone derivati-
zation of INH prior to liposomal encapsulation. This led to a soy-
bean lecithin liposome-based formulation that demonstrated
remarkable pH-dependent release characteristics.30 Thereafter,
as this concept showed some success, hydrazone conjugation of
INH to a phthalocyanine (as a fluorescent tag) was considered
for multimodal system development, combining pH-triggered
drug release with the possibility for bioimaging assessments of
crude soybean lecithin liposomes.31 Although these liposome-
based systems look promising for advanced delivery studies,
their applicability in TB biological systems may be limited by the
issue of antimicrobial resistance, because of which the use of
single drugs is not recommended.1

Hence, the present work aimed at assessing the potential of
crude soybean lecithin to co-encapsulate INH and RIF for lipo-
somal dual delivery. Various crude soybean lecithin liposomes
were formulated and evaluated in comparison with liposomes

composed of purified soybean lecithin. This study demon-
strated the feasibility of using crude soybean lecithin for prepa-
ration of liposome-based combination products.

2. Materials and Methods

2.1. Materials
Soybean lecithin (granules) was purchased from Health Con-

nection Wholefoods (USA). The supplier indicated the following
composition for 100 g of the granules: phosphatidylcholines
(23 g), phosphatidylinositols (14 g), polyunsaturated fats (35 g),
saturated fats (13 g), glycaemic carbohydrates (8 g), sodium
(0.11 g) and about 2940 kJ of total energy. Isoniazid (INH),
rifampicin (RIF), tetraethylammonium bromide (T-Eth.Br)
mono- and dibasic sodium phosphates (NaH2PO4 and
Na2HPO4) were from Sigma Aldrich (Germany). Methanol of
HPLC grade was purchased from Merck (Germany) and
acetonitrile from Ranbaxy Fine Chemicals Ltd (India). Acetone
and ethyl acetate were purchased from Protea Chemicals (South
Africa). Chloroform was purchased from BM Scientific (South
Africa). A Rotavapor R-205 (Büchi, Switzerland) rotary evapora-
tor and Allegra 64R (Beckman Coulter, USA) centrifuge were
used to produce and harvest the liposomes. A Digital Ultrasonic
Cleaner (Spellbound 909, UK) was used for sonication and a Lyo
Lab 3000 lyophilizer (Apollo Scientific CC, South Africa) was
used for freeze-drying products. Water used in this study was
HPLC grade (ultrapure) 18 mega ohm water, prepared using a
Milli-Q academic A10 water purification system (Millipore®,
Bedford, MA, USA) consisting of an Ion-X® ion-exchange
cartridge and a quantum EX-ultrapore Organex® cartridge fitted
with a 0.22 µm Millipak® stack filter (Millipore®, Bedford, MA,
USA).

2.2. Purification of Crude Lecithin
For comparative purposes, purified lecithin was produced

from crude soybean lecithin as previously described by Mertins
et al.32 Briefly, 10 g of the granules of crude soybean lecithin was
dispersed in ethyl acetate (100 mL) and ultrapure water (4 mL)
was added under gentle shaking, leading to formation of a
biphasic system. After decantation, the supernatant was dis-
carded, and the lower phase was dispersed in acetone (60 mL).
This led to formation of agglomerates that were disrupted by
means of a glass rod prior to removal of washing acetone. A fresh
portion of acetone was added to further disrupt the agglomer-
ates. The resultant precipitate was vacuum filtered and allowed
to dry in a desiccator at room temperature for 48 h. The prepared
purified lecithin (7.99 g) was stored at room temperature.

2.3. Preparation of Dual Liposomes
The liposomes were prepared in two stages in order to encap-

sulate both RIF and INH. The formulation compositions evalu-
ated are summarized in Table 1. A thin film hydration method
was used for liposome preparation. The procedures used for
subsequent loading of the two drugs are detailed in the follow-
ing subsections.

2.3.1. Preparation of RIF-loaded Liposomes
Following the details presented in Table 1, the liposomes

formulations CL-F1, CL-F2 and CL-F3 were prepared using
different amounts of cholesterol in the compositions (0–50 % of
total lipid, 200 mg), while the other formulations were prepared
without incorporating or investigating cholesterol. The follow-
ing paragraphs detail the sequential approach used for prepara-
tion of RIF-liposomes in the presence and absence of cholesterol.
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2.3.1.1. Preparation of RIF-liposomes in the Presence of Cholesterol
For each formulation, lecithin and cholesterol were separately

weighed and put together to yield 200 mg of total lipid (accord-
ing to the composition presented in Table 1). This lipid mixture
was placed in a 25 mL round-bottom flask containing 50 mg of
RIF and 2 mL of chloroform was added for dissolution. The
organic solvent was removed by means of a rotary evaporator
set at 60 °C for 5 min. The whole flask was placed in a desiccator
under vacuum overnight at room temperature. Ultrapure water
(6 mL) was added to the dried thin film and hydration was
undertaken at 60 °C for 60 min under stirring at 400 rpm. The
suspension obtained was red and was transferred to a 50 mL
centrifuge tube, while rinsing with Ultrapure water (3 mL) to
yield centrifugation volume level. The preparation was centri-
fuged for 5 min at 4000 rpm to facilitate sedimentation of free RIF
as hydrophobic particles.33 The supernatant containing RIF-
loaded liposomes was decanted and retained for further pro-
cessing (i.e. incorporation of INH).

2.3.1.2. Preparation of RIF-liposomes in the Absence of Cholesterol
Lecithin (200 mg) and chloroform (2 mL) were sequentially

added to RIF (50 mg) placed in a 25 mL round-bottom flask.
Upon complete dissolution, the organic solvent was removed
from the resultant solution by means of a rotary evaporator for
thin film formation. The resultant film was hydrated, and the
preparation was processed as described in Section 2.3.1.1. The
isolated RIF-loaded liposomes suspension was retained for fur-
ther incorporation of INH. All RIF-free formulations were pre-
pared under the same conditions. Three different batches were
prepared for each formulation.

2.3.2. Incorporation of Isoniazid
The supernatant containing the liposomes was transferred to a

Beckman centrifuge tube containing 400 mg INH and formu-
lated as compositions listed in Table 1. The mixture was gently
hand-shaken and warmed for 3 min at 40 °C in order to increase
the rate of dissolution of INH. The tube was subjected to a bath
sonication over 20 min at 60 °C. The preparation was then
subjected to two freeze–thaw cycles. Each cycle included freez-
ing for 5 min in liquid nitrogen, followed by thawing for 10 min
at 60 °C.34 The liposomes were equilibrated for 60 min at room
temperature prior to addition of ultrapure water (20 mL) for
effective centrifugation of the preparation. The centrifugation of
the mixture was undertaken for 20 min at 20 000 rpm and 20 °C.
The supernatant was decanted and retained for estimation of
the encapsulation efficiency for INH. The residual liposomes
(pellet) were rinsed five times with ultrapure water (20 mL) and
freeze-dried further. The solid liposomes produced were stored
away from light at room temperature prior to further evalua-
tions. Any INH-free liposomes were prepared as described.

2.4. Characterization of Drug-loaded Liposomes

2.4.1. Evaluation of Encapsulation Efficiency (EE)

2.4.1.1. EE for RIF
HPLC grade methanol (30 mL) was added to the RIF particles

isolated following centrifugation and diluted 1/10 prior to analy-
sis using the HPLC method developed by Mariappan et al.35 and
modified as described herein. To calculate the EE, a preparation
free of lipid components (RIF-control solution) was prepared
following the same procedure used to manufacture liposomes.
Quantitation of this solution was used to establish a theoretical
total concentration of RIF (tC). The concentration of un-encap-
sulated RIF was established (uC). The percentage EE (%EE) was
calculated using Equation 1:34

%EE
tC uC

tC
= − ×100 (1)

2.4.1.2. EE for INH
The supernatant isolated during INH incorporation was

diluted 1/10 using HPLC grade methanol. A control solution of
INH was prepared using the same conditions and commences
by dissolving INH (400 mg) in the lipid-free RIF-control solution
in order to estimate the theoretical total concentration (tC) of
INH. The concentration of un-encapsulated INH in the
supernatant (uC) was used to calculate the EE. Samples were
analyzed using a slightly modified HPLC method developed by
Mariappan et al.35 for the simultaneous analysis of INH and RIF.

The HPLC system used was an Agilent HP1100 LC-MSD (GMI
Company, USA) equipped with a quaternary solvent delivery
module, in-line degasser, DAD detector, 1100 MSD and
ChemStation software was used for the collection and analysis
of chromatographic data. Separation was achieved using a
Zorbax Elipse Plus C18 4.6 i.d. × 150 mm × 5 µm stationary
phase for reversed-phase HPLC analysis and gradient elution.
The mobile phase consisted of methanol (solvent A) and
monobasic sodium phosphate 0.01M containing 0.05 % w/v
T-Eth.Br adjusted to pH 3.5 using orthophosphoric acid (solvent
B). The column was equilibrated for 15 min with 90 % v/v solvent
B and 10 % v/v solvent A. Two minutes following the first sample
injection, the amount of solvent B in the mobile phase was
decreased proportionally by 3 % per minute over 15 min. Then,
the proportion of solvent A was increased at a rate of 1 % per
minute for 40 min. Before starting a new experiment, the compo-
sition of the mobile phase was allowed for equilibrium over
15 min. The retention time of INH and RIF was 1.6 ± 0.2 min and
29.9 ± 1.1 min, respectively. The %EE of INH in liposomes was
calculated using Equation 1 and the results indicate that formu-
lation CL-F1 was suitable for further characterization. All the EE
experiments were conducted in triplicate.
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Table 1 Description of the composition of liposomal formulations.

Formulation code Lecithin type Lecithin-Chol mass ratio Lipid-RIF mass ratio Lipid-INH mass ratio

CL-F1 Crude 1 : 0 1 : 0.25 1 : 2
CL-F2 Crude 1 : 0.33 1 : 0.25 1 : 2
CL-F3 Crude 1 : 1 1 : 0.25 1 : 2
CL-F4 Crude 1 : 0 1 : 0.25 1 : 0
CL-F5 Crude 1 : 0 1 : 0 1 : 2
CL-F6 Crude 1 : 0 1 : 0 1 : 0
PL-F1 Purified 1 : 0 1 : 0.25 1 : 2
PL-F2 Purified 1 : 0 1 : 0.25 1 : 0
PL-F3 Purified 1 : 0 1 : 0 1 : 2
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2.4.2. Determination of Particle Size and Zeta Potential
The measurements of particle size, polydispersity index and

Zeta potential were performed at room temperature on a
Zetasizer ZEN-3600 MAL1043132 (Malvern Instruments, UK)
set at the scattering angle of 173 °. Freeze-dried liposomes were
ubjected to redispersion in ultrapure water prior to dynamic
light scattering (DLS) experiments. The sample was loaded in
either an ordinary or capillary cuvette d for particles size or Zeta
potential determination, respectively.

2.4.3. Particle Shape
The particle shape analysis was done by microscopic observa-

tion using a Transmission Electron Microscope, TEM (Carl Zeiss,
USA). An aliquot of liposomes suspension prepared in Section
2.4.2. was deposited on a copper grid drop wise and liquid in
excess was adsorbed filter paper. The sample was air-dried for
48 h prior to microscopic visualization.

2.4.4. Differential Scanning Calorimetry (DSC)
DSC experiments were conducted to investigate the polymor-

phism of the liposomes in conjunction with the free drugs.
A DSC-6000 instrument (Perkinelmer, USA) was used along
with the software DSC Pyris series for data processing. All the
samples were heated at 30–445 °C (with 10 °C min–1 as flow rate).
The atmosphere of the sample chamber was saturated with
nitrogen gas (flowing at 20 mL min–1).

2.4.5. X-ray Diffraction (XRD)
The crystalline nature of the drugs co-encapsulated was

assessed by XRD. The XRD patterns were recorded on an XRD
D8 Discover instrument (Bruker, USA) equipped with a Lynx
Eye detector, using a nickel filter and Cu-Ka radiation set at
1.5404 angstrom. The samples were loaded onto a glass-based
sample holder and the scans were run at 2-theta range 10–60 °,
using a slit width and step size of 6.0 mm and 1 ° min–1,
respectively.

2.4.6. Drug Release Study
The dual liposome formulation that showed the highest EE

(CL-F1) was used for in vitro release studies in addition to
formulations that contained cholesterol (CL-F2 and CL-F3) and
solutions of free drug for comparative purposes. The content
and release of INH and RIF were studied using the procedures
that had been reported by Rojanarat et al.36 and Chimote and
Banerjee37, respectively, with slight modifications as described
below.

Fifty mg of freeze-dried sample was dispersed in phosphate
buffer (pH 7.4) in a 10 mL volumetric flask, and 1 mL of the resul-

tant suspension was diluted 1/10 with HPLC grade methanol.
The mixture was sonicated for 30 min at 35 °C to promote
liposomes disruption and facilitate dissolution of INH and RIF.
The resulting solution was filtered five times with a 0.45 µm
syringe filter and the HPLC analysis undertaken as described.
Quantitation was achieved by interpolation using freshly pre-
pared calibration curves. The INH and RIF content (%DC) was
estimated using Equation 2:

%DC Amount of drug determined
Total mount of the pr= eparation ×100 (2)

A 1 mL aliquot of the liposome dispersion was transferred to a
piece of dialysis bag (Membra-Cel MD 10-14 × 100 CLR, Sigma
Aldrich, Germany) that was placed in a glass vial containing
20 mL buffer (pH 7.4) and a magnetic stirrer. This receptor
medium was maintained at 37 °C whilst stirring at 240 rpm.38 At
0.5, 1, 1.5, 2, 3, 4, 5, 7, 9 and 12 h, 5 mL of the release medium was
withdrawn for HPLC analysis. The aliquot sampled was
replaced by the same volume of the fresh buffer (pH 7.4) to main-
tain sink condition. Three replicate experiments were per-
formed for each drug release study.

3. Results and Discussion

3.1. Encapsulation Efficiency
The EE of the crude lecithin liposomes for INH and RIF was

found to decrease with the increase in cholesterol content (as
shown in Table 2). The same phenomenon was previously
observed when RIF was encapsulated alone using phosphatidyl
choline from soybean lecithin.39 This could be due to poten-
tial saturation of the liposomal membranes when RIF and
cholesterol are used simultaneously, as both compounds are
lipophilic and tend to preferentially locate in lipid bilayers.18,40

This saturation may also have affected INH loading during
the freeze–thawing process, which relies on diffusion of INH
molecules to into liposomal vesicles.34

Surprisingly, the liposomes manufactured using crude lecithin
alone (CL-F1) exhibited the highest EE for INH and RIF, 59.03 ±
0.68 % and 90.10 ± 1.15 %, respectively. These data are promising
as results of a previous study reported an EE of 8–10 % for INH
and 44–49 % for RIF.24 Gürsoy et al.26 reported an EE of 73.84 ±
0.78 % for INH and 81.53 ± 2.06 % for RIF. However, the lipid to
drug mass ratios used in this study were 1:0.027 for INH and
1:0.000027 for RIF, whereas for CL-F1 INH and RIF were
co-encapsulated using lipid to drug mass ratios of 1:2 and 1:0.25,
respectively.

In addition, all liposome batches manufactured using purified
lecithin exhibited much lower EE than those made of crude
lecithin (Table 2). Regardless of the type of lecithin used, the
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Table 2 Characteristics of the liposome formulations (n = 3).

Formulation code PS ± S.D. PDI ± S.D. ZP ± S.D. EE ± S.D.
/nm /mV /%

INH RIF

CL-F1 1114.00 ± 42.37 0.34 ± 0.06 –63.30 ± 2.13 59.03 ± 0.68 90.10 ± 1.15
CL-F2 894.10 ± 18.30 0.44 ± 0.03 –50.80 ± 1.48 57.13 ± 2.03 64.93 ± 4.51
CL-F3 1514.00 ± 132.40 0.36 ± 0.11 –48.04 ± 0.93 45.65 ± 1.52 55.24 ± 2.80
CL-F4 594.10 ± 5.88 0.35 ± 0.09 –59.60 ± 2.10 * 66.33 ± 0.15
CL-F5 568.00 ± 8.89 0.35 ± 0.18 –20.30 ± 0.71 53.21 ± 1.33 *
CL-F6 546.80 ± 0.46 0.54 ± 0.04 –57.90 ± 2.68 * *
PL-F1 758.60 ± 3.61 0.43 ± 0.04 –45.50 ± 3.39 43.91 ± 0.59 78.69 ± 1.63
PL-F2 543.50 ± 14.13 0.61 ± 0.02 –56.00 ± 1.08 * 59.99 ± 0.13
PL-F3 687.80 ± 87.07 0.71 ± 0.19 –35.60 ± 4.80 34.65 ± 2.43 *

* Not tested. S.D.: standard deviation. PS: particle size. PDI: polydispersity index. ZP: Zeta potential.
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co-loaded liposomes showed significantly higher EE than
liposomes containing a single compound (P-value < 0.05). This
observation agrees with the findings published by Gürsoy et al.26

and suggests the existence of an advantageous interaction
between INH and RIF, which might have promoted simulta-
neous loading into liposomes. However, it was observed that
the %EE values of INH in both mono- and dually-loaded
liposomes (CL-F5 and CL-F1) were below the value previously
obtained with crude soybean lecithin (about 79 %).29 Since the
same freeze–thawing method was used for INH loading, the
difference in %EE could be due to the presence of cholesterol in
the previous INH-loaded liposomes (unlike in CL-F5). Never-
theless, the %EE of CL-F1 for INH appears to be of great interest
when considering the previous findings reported elsewhere;36

with INH %EE of about 18–30 %, and 36.7±1.8 %.37 Same for RIF,
its %EE in CL–F1 (90.10 %) was found to be greater than the
values reported by other groups; such as Patil et al. (79.25 %)39

and Manca et al. (76 %).13 Considering the impact of the entrap-
ment capacity on the cost of the drug carriers,41 high %EE
demonstrated by CL-F1 may add more economical values to
crude soybean lecithin for potential development of cost-
effective liposomal technology.29

3.2. Particle Size and Zeta Potential
The liposome formulation CL-F1 has exhibited a mean parti-

cles size of 1114.00 ± 42.37 nm, which falls within the range that
has been deemed suitable for effective uptake by alveolar
macrophages, 1000–3000 nm.42 Irrespective of the type of
lecithin, INH- and RIF-loaded liposomes were significantly
larger than the empty and single drug-loaded liposomes
(Table 2).

No significant differences for Zeta potential were observed
when comparing empty and drug-loaded liposomes (P-value >
0.05). However, formulations containing INH alone exhibited a
lower surface charge regardless the type of lecithin used
(Table 2). The change in Zeta potential may be due to the
presence of INH molecules in the polar regions of the vesicle
membranes.40 Formulation CL-F1 exhibited a highly negative
surface charge, –63.30 ± 2.13 mV, which is potentially useful for
prolonged stability of these liposomes, as charged particles are

likely to be dispersed as individual particles due to the repulsive
forces.19 In addition, this negative particle charge may be promis-
ing for the biological fate of CL-F1 liposomes, considering the
fact that macrophage scavenger receptors recognize negatively
charged particles43 and M. tuberculosis mostly reside inside
macrophages.14

3.3. Particle Shape
As shown in Fig. 1, the formulation CL-F1 exhibited the

presence of individual particles that were spherical in shape and
characteristic of liposomal vesicles. The absence of aggregated
liposomes suggests the presence of repulsive forces due to the
density of surface charges between liposomes. This observation
also supports the data from particle size determination done by
DLS, which is often limited by particle aggregation.19

3.4. DSC
The endothermic peaks observed in the DSC curves of the

pure drugs (Fig. 2A and Fig. 2F) were shifted to lower values in
CL-F1 (Fig. 2C). In the heat flow curve of CL-F1 the peak at
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Figure 1 Typical TEM micrograph of the liposomes CL-F1.

Figure 2 DSC thermograms of pure INH (A); CL-F5 (B); CL-F1 {co-loaded} (C); CL-F6 (D); CL-F4 (E) and RIF (F).
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121.29 °C can be allocated to RIF and the one at 165.71 °C to INH,
considering the DSC profiles of the mono-drug-loaded
liposomes (CL-F4 and CL-F5) and empty liposomes (CL-F6).
Comparing CL-F1 to the mono-drug-loaded liposomes, the
melting point of RIF seems to decrease significantly (P-value <
0.05). This is consistent with the observation reported elsewhere
and suggests that RIF is getting amorphous in liposomes.39,44 The
probable explanation should be the fact that RIF’s molecules are
deeply embedded into the lipid bilayers as suggested by
Rodrigues et al.40

3.5. XRD
CL-F1 showed major crystalline peaks at positions 15–18, 20

and 25–30 ° (Fig. 3C). These might be related to the presence of
INH that has also exhibited almost the same diffraction profile as
pure drug (Fig. 3A), since pure RIF showed some peaks only at
17–20 and 20–25 ° (Fig. 3F) that are not seen either in CL-F1 or
CL-F4 (Fig. 3E). While the X-RD profile of CL-F5 is almost like

that of CL-F1, CL-F4 shows the same halo pattern with the
empty liposomal formulation (CL-F12). This confirms the loss of
crystallinity of RIF in liposomes revealed by DSC and previously
reported in the literature.39,44

3.6. Drug Release Profile
The release of INH was more rapid than that of RIF as free drug

or from the liposome formulations. This may be due to INH
being more water soluble than RIF as it has an aqueous solubility
of 125 mg per mL when compared to 1–2 mg per mL for RIF.5 The
release rate for INH and RIF from CL-F1 liposomes appears to be
slower than that of each free drug (Fig. 4).

Patil et al.39 observed a decrease in the rate of RIF release as
cholesterol content increased, whereas in these studies no major
difference was observed in the kinetics of RIF release for the
liposome formulations tested (Fig. 5). However, the release of
INH appears to be affected by the presence of cholesterol; with
85 %, 81 % and 72 % INH respectively released from batches
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Figure 3 XRD patterns of pure INH (A); CL-F5 (B); CL-F1 {co-loaded} (C); CL-F6 (D); CL-F4 (E) and RIF (F).

Figure 4 Comparison of INH and RIF release from liposomes (CL-F1) and free drug (n = 3).
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CL-F1, CL-F2 and CL-F3 over 12 h. This result is probably due to
a reduction in membrane permeability as cholesterol content
increases the packing density of the phospholipid bilayers.18,19

Although the dual release observed from CL-F1 liposomes was
slower than the dissolution of free drugs, there was a large
difference in the percentage INH and RIF released from these
liposomes over 12 h, 85 % and 56 % release for each compound,
respectively. Consequently, the batch CL-F1 is a promising
formulation for dual delivery of INH and RIF in terms of
pharmacological outcomes, as INH is used for rapid activity
against M. tuberculosis whereas RIF ensures more permanent
bactericidal activity albeit being released at a slower rate.12

4. Conclusion
The liposomes prepared using crude soybean lecithin (CL)

alone in this study have successfully co-encapsulated INH and
RIF more efficiently than those prepared using cholesterol
and/or purified soybean lecithin. The mean particles size and
Zeta potential of dual carrier CL-based liposomes suggest that
macrophage-targeting following pulmonary delivery is possible
from literature-based evidence.18,19,42–45 In addition, CL-based
liposome exhibited controlled release profiles that may be useful
for enhancing the pharmacological outcomes of RIF and INH.
This delivery feature could enhance anti-TB drugs bioavailabil-
ity and reduce medication requirements for treating TB. Further
pharmacological evaluations and in vivo testing of this technol-
ogy are required to define the value of the dual carrier
liposomes, specifically in terms of antimicrobial activity,
cytotoxicity, pulmonary deposition, macrophage uptake and
pharmacokinetic evaluation of the encapsulated drugs. To the
best of our knowledge, there is no report that discusses the
potential of crude soybean lecithin to co-encapsulate RIF and
INH for liposomal dual delivery. This study proposes crude soy
bean lecithin as an alternative to synthetic or highly purified
natural lipids for preparation of liposomal combination prod-
ucts. These results suggest that investigations on liposomal
delivery of other existing and emerging drugs using readily
available lipid mixtures, such as crude rice lecithin, egg lecithin
and others; may result in the development of affordable
liposomal technologies.
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