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Abstract: Anisotropic microparticles containing flower like morphologies have recently attracted significant attention 
due to their potentially varied application range. Aim of the present work was to build an anisotropic drug delivery 
system (ASLMMSs) for the encapsulation and enhancement of antifungal activity of a hydrophobic antifungal drug i.e. 
itraconazole (IRL) with the combination of lipophilic (lipids) as well as hydrophilic (mannitol) materials. Encapsulation 
efficiency (EE) due to glyceryl monosteatrate (G.ASLMMSs) was 89.02%, whereas Precirol ATO5 formulation 
(P.ASLMMSs) showed 96.98% EE. FTIR analysis discovered the hydrogen bonding and Vander Waal’s forces between 
lipids and mannitol, while evaluation of XRD data revealed the detailed structural and microstructural characterization 
indicating the crystallinity of final formulations. Observation under SEM revealed that the final formulations grew in the 
form of flower like morphologies. These flower-like structures were more obvious for P.ASLMMSs. The increment in 
dissolution rate (>80% in 6h) could be attributed to the mannitol. Dilutions of Itraconazole loaded anisotropic solid lipid 
mannitol microstructures (ASLMMSs) in water at concentration range of (500µg/mL, 250µg/mL, 125µg/mL and 
75µg/mL) exhibited increased antifungal activity, while free IRL dilution in water showed no zone of inhibition. Both 
formulations, specifically P.ASLMMSs could signify a promising drug delivery system for lipophilic antifungal drugs. 
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INTRODUCTION 
 
Itraconazole (IRL) is a broad spectrum, orally active, 
classic lipophilic triazole antimycotic agent (log P>5.5) 
that belongs to BCS class II (Ren et al., 2020). Even 
though it is effective locally as well as systemically 
against numerous fungal species, its poor aqueous 
solubility (~1ng/mL at pH 7.4 and ~4μg/mL at pH 1) 
retards its absorption from GIT (Ojo et al., 2020). 
Enhancement in bioavailability of IRL has also been 
reported when co-administered with food having lipid or 
fatty contents (Lindsay et al., 2018). Although, BCS II 
drugs are afflicted by poor solubility, yet their easy 
penetration through biological membrane and ultimate 
success at desired site of action via systemic circulation 
make them a suitable candidate to be loaded in various 
drug delivery systems (DDS) (Baghel et al., 2016). By 
enhancing solubility and dissolution rate of these 
lipophilic compounds, after following various strategies, 
obviously improves their bioavailability and hence 
overcoming the main problem of this class. For solubility 
and dissolution increment, various DDS have been 
established, containing solid dispersion, solid solution, 
complexes and solid lipid micro and nanoparticles (Passos 
et al., 2020).   
 
Lipid based DDS have been the choice of formulation 
scientists, from last three decades, while constructing 
delivery system for the BCS class II drugs. Main reasons 
for choosing lipids over polymeric systems as carrier are 

their provision of increased encapsulation efficiency for 
lipophilic drugs being biocompatible and biodegradable, 
their superior safety profile and ability to slowly release 
the drug over time thus instituting a doorway towards 
controlled release of the payload (Pandya et al., 2018). 
Lipid based systems can be in the form of nanoemulsion, 
microemulsion, self-emulsifying or self microemulsifying 
delivery systems (SEDDS/SMEDDS), liposomes, solid 
lipid nanoparticles (SLNs) and solid lipid microparticle 
(SLMs). When lipid based system is articulated in the 
form of SLMs, these cover the lipophilic drug molecules 
in an efficient way thus improving drug’s encapsulation 
efficiency and stability and hence minimizing drug 
degradation (Kashkooli et al., 2020). As solid lipids are 
utilized in the manufacturing of SLMs, that’s why SLMs 
can keep their solid state at room temperature. Their 
powdered/solid appearances enhance their acceptability 
for further processing into multiple dosage forms. 
Furthermore, production of SLMs is usually one-step 
emulsification process, so, their large-scale manufacturing 
by utilizing homogenizers, spray dryer and spray 
congealer is also feasible. 
 
The most frequently used solid lipids for the fabrication 
of solid lipid microparticle are glyceryl monostearate 
(GMS), Compritol 888 ATO, Precirol ATO 5, Gelucire 
50/13 and stearic acid. We selected GMS and Precirol 
ATO 5 for loading IRL as they are FDA-approved 
excipients and commonly used in the production of SLMs 
and SLNs (Becker et al., 2015). Despite the advantages of 
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lipids, formulators also encounter various difficulties such 
as initiation of lipid crystallinity (polymorphic changes) 
during storage that ultimately leads towards drug 
expulsion from SLMs. Furthermore, agglomeration and 
stickiness of lipids can affect product stability (Rathod et 
al., 2020). Such problems are not stumbled upon by 
formulators for polymeric systems (Ćetković et al., 2019).  
 
Mannitol (MNT) is an excellent polymeric excipient due 
to its less hygroscopic nature, capability to reduce the 
aggregation and cohesiveness in particles, thermal 
stability, and ability to morph into anisotropic structures 
(Lin et al., 2017). Furthermore, it has also been reported 
that MNT improves the release behavior of hydrophobic 
drugs (Guerreiro et al., 2019). While considering 
numerous goals such as, enhanced bioavailability of 
poorly soluble active component plus development of 
highly stable anisotropic particles appropriate for oral 
delivery of drug, the combination of both polymer and 
lipid seems more intriguing. This study reports 
anisotropic solid lipid-mannitol microstructures 
(ASLMMSs) for oral administration of IRL. To increase 
encapsulation of the IRL, it was first encased within 
SLMs of GMS or Precirol ATO5. These SLMs were then 
exposed to MNT to be coated as shell. The development 
of anisotropic microcrystalline structures by MNT was 
envisaged as the solution to the drug expulsion problem 
associated with the SLMs and enhancement in dissolution 
and increment in biological activity of IRL.  
 
MATERIALS AND METHODS 
 
Materials 
All reagents and chemicals were purchased from 
commercial sources and used as received without further 
treatment. Itraconazole (IRL) was obtained from Nanjing 
Sen BeiJia Biological Technology Co., Ltd., China. 
Glyceryl monostearate (GMS), Precirol ATO 5 and 
Poloxamer 188 (P 188) were purchased from Sigma 
Aldrich, United States. Mannitol (MNT) was obtained 
from Saffron Pharmaceuticals, Faisalabad. 
Dichloromethane (DCM) and Sabouraud Dextrose agar 
(SDA) were bought from Icon Chemicals, India and 
Research Product International, USA, respectively.   
 
Preparation of ASLMMs 
ASLMMSs loaded with IRL were formulated by 
emulsification-solvent evaporation technique in 
conjunction with lyophilization. At room temperature, 
weighed quantity of IRL and lipid were dissolved in 
DCM as lipophilic phase for emulsification. For 
preparation of aqueous phase, 2% aqueous solution of 
surfactant (P 188) was prepared. Lipophilic phase and 
aqueous phase were mixed together while homogenizing 
at 14000 rpm for 2 min (Wu et al., 2018). The formed 
emulsion was then transferred to magnetic stirrer for 
removal of DCM. Stirring rate was adjusted at 700 rpm 

for 6 h at room temperature. Afterwards, water was added 
in SLMs’ suspension for purpose of washing, and 
centrifugation was carried out at 19000g (Centrifuge 
5424R, Eppendorf, Germany). Washing was repeated 
three times for the complete removal of surfactant and 
unencapsulated drug. The precipitates obtained after 
washing/centrifugation were suspended in 10% MNT 
aqueous solution (Ammar et al., 2016). That suspension 
was then placed overnight in freezer at -80° C. Frozen 
material was then lyophilized for 24 h in Christ Alpha 1-2 
LD Plus Lyophillizer (Martin Christ 
Gefriertrocknungsanlagen GmbH, Germany) for 
formation of ASLMMSs. 
 
Entrapment efficiency (EE) of IRL 
EE of ASLMMSs loaded with IRL was determined 
indirectly by calculating the unencapsulated drug (Wu et 
al., 2018). Supernatant obtained from washing and 
centrifugation of the SLMs at 19000g for 15 min was 
assayed spectrophotometrically (Bachhav et al., 2017) at 
λmax of 259 nm. EE was calculated using following 
equation. 

100
IRL) W(initial

IRL) W(freeIRL) W(initial
(%) EE 

  

where W (initial IRL) is the weight of drug added to the 
system, while W (free IRL) is the analyzed weight of IRL 
in the supernatant. 
 
Characterization of solid lipid microparticles 
Fourier transforms infrared spectroscopy (FTIR) 
For evaluation of the interaction among IRL, MNT and 
lipid, attenuated total reflection fourier transformed 
infrared (ATR-FTIR) spectroscopy was performed with 
the help of Bruker FTIR spectrometer furnished with 
A225/Q Platinum ATR multiple crystals CRY diamond. 
The analysis was conducted in the range of 4000-400cm-1.  
 
X-ray diffraction (XRD) 
Powder XRD studies of IRL, lipid, MNT, and IRL loaded 
ASLMMSs were acquired by using 3805 PANlytical 
Powder X-Ray Diffractrometer. Scanning of samples of 
IRL, GMS, Precirol ATO 5, MNT and formulations was 
performed at a voltage of 45KV and a beam current of 50 
mA in the region of 0˚ ≤ 2Ɵ ≥70˚. The step size was 0.02˚ 
and scanning speed was 30 seconds. Cu cathode was used 
to create X-Rays (Khan et al., 2019). 
 
Scanning electron microscopy (SEM) 
For determination of shapes of IRL, MNT, and 
ASLMMSs, SEM analysis was performed by utilizing 
JEOL Model JSM-6490 (Tokyo Japan). Samples were 
placed on double adhesive tape, stuck to an aluminum 
stub and coated with thin layer of gold under vacuum so 
as to make them electrically conductive. Photomicrograph 
of IRL, MNT, and ASLMMSs were achieved at 
magnification levels of 5000x, 3500x, 2500x, 1500x, 
1000x, 650x, 500x and 150x at 10KV. The micron marker 
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levels of SEM were adjusted at 100µm, 50µm, 20µm, 
10µm and 5µm.  

 

Fig. 1: FTIR spectra of IRL, G.ASLMMSs and 
P.ASLMMSs. 

 

Fig. 2: XRD diffractograms of IRL, MNT, GMS, Precirol 
ATO5, G.ASLMMs, and P.ASLMMs. 
 
In vitro drug release studies  
In vitro drug release study was performed as described 
elsewhere with slight modifications using cellophane 
membrane bag that had the molecular weight cutoff 10 
kDa (Lin et al., 2017). First of all, dialysis bags were 
thoroughly washed and then soaked in distilled water 
overnight.  Concisely, weighed amount of powdered 
ASLMMSs equivalent to 100mg of IRL were added in 
overnight-soaked cellophane membrane bags, and these 
bags were sealed with clips on both ends to prevent any 
leakage. These bags were carefully introduced into 
dissolution media (900mL of acidic media, pH 1.2) 
having 0.3% sodium dodecyl sulphate (SDS). SDS was 
used to maintain sink condition (Patil-Gadhe and 
Pokharkar, 2014). These experiments were performed in 
USP type II dissolution apparatus (Pharma Test, 
Germany) at a paddle rotation speed of 50 rpm and 
temperature was maintained at 37°C. Five milliliters of 
samples were withdrawn at a predefined time interval of 

5, 10, 15, 30, 45, 60, 90, and 120 min. After completion 
of 120 min in 1.2 pH buffer, these cellophane membrane 
bags were shifted to 900 mL of 6.8 pH phosphate buffer 
dissolution media while maintaining all other 
experimental conditions. Time interval for fluid 
withdrawal was adjusted at 150, 180, 240, 300, 360, 420, 
480, and 600 min. The dissolution media (pH 1.2 and pH 
6.8) were replenished with the fresh dissolution fluid of 
the same composition after each withdrawal. The amount 
of IRL was determined by UV spectrophotometer at 259 
nm wavelength. Each test was performed in triplicate. 
 

Table 1: EE % of IRL of freshly prepared ASLMMSs and 
after 3 months storage at room temperature. 
 

EE (%) 
Formulations Fresh 

Formulations 
After 3 months 

Storage 
P.ASLMMS 89.02 87.36 
G.ASLMMS 96.98 95.15 

 

In vitro antimycotic activity 
The in vitro antimycotic activity of IRL and ASLMMSs 
was evaluated by following the previously reported 
method with slight modifications (Alhowyan et al., 2019). 
SDA media was prepared as per manufacturer’s 
instructions. 32.5g SDA was dissolved in 500mL distilled 
water and sterilized using autoclave at 15 psig pressure 
for 15min at a temperature of 121oC. Afterwards, 
sterilized SDA was transferred and solidified into petri 
plates, and suspension of Candida albicans (C. albicans) 
adjusted at inoculum concentration of 108 CFU/mL in 
0.9% NaCl was seeded over the media. Four wells each of 
10 mm in diameter were excised from agar of each petri 
plate and filled with 100µL of four dilutions (500µg/mL, 
250µg/ml, 125µg/mL, 75µg/mL) of each formulation. 
Same dilutions of IRL in DMSO or water were also filled 
in separate petri dishes. Incubation of plates were done at 
35˚C for 48 hrs and zones of inhibition were determined. 
 

Stability studies  
To evaluate stability of IRL loaded ASLMMs, 
formulations were stored at room temperature (30 ± 1°C) 
for 3 months in stoppered glass vials and assessed for EE 
as reported in literature (Alhowyan et al., 2019).     
 
STATISTICAL ANALYSIS 
 
Percent and standard deviation were calculated using 
Microsoft Excel and GraphPad Prism. Statistical 
comparison of the dissolution profiles was made by F2-
similartity index identified through the DDSolver. 
 
RESULTS 
 
Entrapment Efficiency (EE) of itraconazole 
The IRL entrapment efficiency in ASLMMSs 
formulations consisting of GMS and Precirol ATO5 were 
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quite different. ASLMMSs containing GMS 
(G.ASLMMSs) showed 89.02% EE and ASLMMSs 
containing Precirol ATO5 (P.ASLMMSs) showed 96.98 
% EE.  
 
Fourier transforms infrared spectroscopy (FTIR) 
FTIR was utilized to conclude the intermolecular 
interactions between lipids and MNT. It also evaluated 
the encapsulation of IRL in our carrier. When pure IRL’s 
FTIR spectrum was observed, it showed IRL 
characteristic peak of NH2 group at 3136 cm-1 and C-H 
band at 2959cm-1. Aliphatic C-H bond showed band 
stretching at 2850cm-1 while C=O bond showed its 
presence at 1698cm-1 as shown in fig. 1. All these bands 
and peaks were in accordance with the previous reports 
(Nesseem, 2001). MNT presented its characteristic broad 
band at 3000 cm-1 due to vibration of axial deformation of 
O-H. The other bands of MNT appeared at 1458 cm-1, 
1145 cm-1 and 1083 cm-1 and were are present in both 
formulations due to axial vibration of C-O in alcoholic 
group (Mirza et al., 2016). The characteristic peaks of 
GMS and Precirol ATO5 from 1700-1750 cm-1 
corresponding to C=O were observed in the formulations 
but its intensity decreased in both formulations (Kamble 
et al., 2010). Second peak that belongs to C-H stretching 
and was characteristic of stearate appeared at 2931cm-1 in 
both formulations (Kallakunta et al., 2018). The 
broadening of the peak from 2940-3200cm-1 and 
sharpness of peak at 2930cm-1 in both formulations was 
also observed. 
 
X-ray diffraction (XRD) 
XRD pattern is utilized for comprehension of different 
components by forming diffraction peaks at 2θ range 

(Thapaliya et al., 2019). The diffractogram (2θ versus % 
intensity) can be reflected as finger print of material and 
assists in interpretation of various crystalline structures of 
the materials and DDS (Mirza et al., 2016). The 
prospective variations in the crystalline structure of pure 
IRL, Precirol ATO5, GMS, MNT and ASLMMSs were 
scrutinized by modification in the intensity of diffraction 
peaks and shift. These changes are demonstrated in fig. 2. 
IRL powder posed characteristic peaks at 14.54 θ, 17.6θ, 
20.5θ, 23.6 θ, 25.3θ and 27.22θ (Lin et al., 2017, Mirza et 
al., 2016). Definite peaks of MNT appeared at 10.5θ, 
18.8θ, 23.44θ, 25.9θ, 29.45θ, 31.8θ, 33.7θ. 38.8θ, and 
44.1θ (Malamatari et al., 2016). Likewise, diffractogram 
of both lipids were examined individually. GMS exhibited 
its peaks at 19.67θ, 21.63θ, 21.49θ, 23.73θ and 23.65θ, 
while Precirol ATO 5 showed peaks at 5.3θ, 19.3θ, 
23.16θ and 24.15θ which agree with the previous studies 
(Agarwal et al., 2020). In both formulations, the 
characteristic peaks of drug, especially at 14.54θ, 17.6θ, 
25.3θ and 27.22θ diminished. Characteristic peaks shift of 
MNT occurred in the formulations e.g. 10.5θ shifted to 
9.745 and 18.8θ shifted to 18.1θ. While the peak of MNT 
at 23.4θ became sharper and more prominent, whereas, 
peak at 25.9θ shifted to 25.3θ in both formulations. 
Presence of peaks at 29.45θ, 31.8θ, 33.7θ. 38.8θ, 44.1θ 
were attributed towards MNT. 
 

Scanning electron microscope (SEM) 
Before addition of MNT and executing the process of 
freeze drying, optical microscopic analysis was 
performed. That examination was accomplished to inspect 
the preparation and morphology of SLMs, which would 
act as seeds for MNT deposition in next stages. SEM 
studies revealed the appearance of anisotropic shapes of 

 
Fig. 3: SEM images of P.ASLMMSs (A, B, C) and G.ASLMMSs (D, E). 
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ASLMMSs which differed from the spherical particles 
mentioned in literature. The selection of materials, 
conditions and method of preparation determine the 
morphologies of particles (Seedat et al., 2016). The 
morphology of final formulations varied from sheets 
having small nano-projections to dandelion like 
microstructures. These diversified arrangements of MNT 
over SLMs during freezing/lyophilization steps, depend 
upon the dissimilar nature of lipids used. G.ASLMMSs 
showed the arrangement of mannitol in the form of sheets 
at low magnification of SEM. At high magnification 
(5000x) of SEM, these sheets exhibited small projections. 
While, P.ASLMMSs displayed itself under low 
magnification of 500x as sheets having spikes, but at 
1000x, these ASLMMSs appeared as dandelion-flower 
like structure as shown in fig. 3.  At 5000x magnification, 
spacing between these projections can be observed. 

 

Fig. 4: Release of itraconazole from GMS SLPMSs and 
Precirol SLPMSs at pH 6.8 phosphate buffer 
 
In vitro drug release studies  
The IRL release in 1.2 pH acidic media was about 28 % at 
the end of 2 h. At 6.8 pH phosphate buffer, drug release 
reached more than 80 % within 6 h as shown in fig. 4. It 
showed a biphasic drug release behavior from the 
ASLMMSs. Comparison of dissolution profiles was made 
by finding out the similarity index through DDSolver 
software. It was revealed that dissolution profiles of both 
formulations were not similar at pH 6.8 phosphate buffer 
(F2 value= 46.94). 
 
In vitro antimycotic activity 
The antifungal activity of IRL loaded ASLMMSs against 
C. albicans was investigated as shown in fig. 5. The 
solution of drug was made in dimethyl sulfoxide (DMSO) 
because drug did not show any inhibition zones when 
dispersed in water. Complete dissolution of IRL in 
DMSO resulted in enhanced antifungal activity. Unlike 
IRL, both formulations were dispersed in water and 
showed enhanced antifungal activity as compared to 
previously reported formulation approaches (Mohanty et 
al., 2015, Qumber et al., 2020). P.ASLMMSs displayed 
increased antifungal activity as compared to 
G.ASLMMSs. 

Stability studies 
The result of stability studies of IRL loaded formulations 
revealed no obvious changes in entrapped content of both 
formulations after 3 months of storage at room 
temperature as shown in table 1. 

 

Fig. 5: Zone of inhibition of IRL in DMSO, P.ASLMMSs 
and G.ASLMMSs in water. 
 
DISCUSSION 
 
In this study, we report a method consisting of solvent 
evaporation method followed by lyophilization to prepare 
drug loaded microstructures of versatile shapes for oral 
administration. For the development of our formulations, 
lipids were selected because these have different wetting 
properties as compared to MNT. That characteristic 
increased the anisotropic ability during particle formation 
and interesting geometry achieved in both formulations 
made up of GMS and Precirol ATO 5. Prepared SLMs at 
the level of emulsification acted as lipophilic seeds for the 
deposition of MNT monomer over these. Due to different 
wetting properties of MNT and lipids, MNT began to 
deposit in crystalline form over SLMs nucleus, ultimately 
creating various shapes with passage of time (Hou et al., 
2019). This phenomenon of MNT growth is based on 
well-established theory of interparticle growth. This 
theory demonstrates that monomers or molecules diffuse 
along the surface of a nanomaterial to change the shape of 
the particle with time (Thanh et al., 2014).  
 
GMS is a mono ester while Precirol ATO5 is a diester in 
nature. The drug solubilization or entrapment inside lipids 
is also influenced by the presence of mono- and 
diglycerides. The increased EE of P.ASLMMSs as 
compared to G.ASLMMSs is due to the presence of 
mixture of mono-, di- and tri-glycerides in different 
proportions. These esters of different chain lengths in 
Precirol ATO5 form less ordered crystals with many 
imperfections in its structure and that characteristic allows 
more molecules of drugs to get entrapped inside the 
lipids. (Mirza et al., 2016). Increased lipophilicity of 
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lipids also contributes towards the increased 
accommodation of hydrophobic drug. That is evident by 
comparing HLB values of GMS and Precirol ATO5 i.e. 
3.8 and 2, respectively (Vivek et al., 2007). 
 
MNT interaction with lipid plays an important role in the 
building and formation of our carrier.  Interactions that 
evolved flower like structures mainly employed hydrogen 
bonding and Vander Waal’s forces. In both formulations, 
the decrease in peak intensities of GMS and Precirol ATO 
5 from 1700-1750 cm-1 is an indication of involvement of 
C=O group in hydrogen bonding.  (Tatke et al., 2019). 
Peak broadening of lipids in formulations from 2940-
3200 cm-1 also hints hydrogen bonding. That hydrogen 
bonding can be further explained on the basis of 
appearance of sharp peak at 2930cm-1 in both 
formulations which could be due to hydroxyl stretching 
(Ma et al., 2019). New broad band appearance at 820cm-1 

in formulations represents the involvement of Vander 
Waals forces (De Smet et al., 2014). These intermolecular 
force lead towards the formation of new structures over 
particles. The characteristics peaks of IRL got diminished 
or their intensities got reduced when combined with lipid 
and MNT. That might be due to total encapsulation of 
drug inside the particle. No new peak was observed that is 
endorsing, that no chemical interaction occurred.    
 
Sharp and prominent diffraction peaks of all materials can 
be detected easily thus signifying their crystalline nature 
(Thapaliya et al., 2019). Disappearance of the drug’s peak 
at 14.54θ, 17.6θ, 25.3θ and 27.22θ indicated entrapment 
of drug inside the lipid matrix and MNT structures. The 
change in intensities of the MNT peaks in formulations 
may be credited to the changed distribution of crystal 
orientation in ASLMMSs (Cai et al., 2020). Peak 
sharpness of lipids was enhanced in diffractrogram of the 
formulations, due to more ordered crystalline state and 
development of MNT crystalline architecture. Secondly, 
by thoroughly examining the diffractrogram of final 
formulations, new peaks were also grasped. The 
formation and shifting of peaks give proof of the 
formation of new morphological structures which were in 
agreement with the result of FTIR. So, it became obvious 
that MNT presence enhanced the sharpness and intensity 
as well as formation of new peaks in diffractrogram thus 
indicating finally the enhancement of crystallinity of the 
system. 
 
The diversified shapes of our prepared ASLMMSs might 
be attributed not only towards different wetting properties 
of lipid and MNT but also the interaction of MNT with 
monoester and diesters of selected lipids. The main 
interaction that leads towards the formation of anisotropic 
shapes was hydrogen bonding between lipids and MNT 
that was proved from the FTIR studies. But the difference 
in anisotropic shapes of both lipids could be approved by 
the work of Hu et al who had proved that by changing the 

alkyl chain number and position, the final structural 
morphology of the system could also be changed (Hu et 
al., 2017). That was also evident from our study that 
provided architecturally different structures in final 
formulation, when examined morphologically, even 
though the concentration of MNT and conditions were 
same for both lipids. MNT deposition in different ways 
not only increased the surface area but also provided the 
shield effect to the lipid containing particles (Mirza and 
Saha, 2020). Moreover, MNT also act as a cryoprotectant 
to the whole system while freeze drying process (Mirza et 
al., 2016). 
 
The abrupt drug release in acidic pH till 28% in both 
formulations may be due to porous MNT structures that 
are present in formulation (Saffari et al., 2016). Highly 
wet table excipients, such as MNT, when interact with 
dissolution media promote penetration of dissolution 
media. That increased dissolution media penetration 
enhanced the release of drug >80% within 6h. MNT 
microstructures are the main reason of increased release 
even having the lipid as encapsulating excipients for drug 
(Lin et al., 2017).    
 
The enhanced antifungal activity against C. albicans may 
be contributed by the flower like structure of our carrier. 
These structural morphologies not only increase the 
surface area of the particles but their geometric tunability 
increase the interaction of particles with the cell 
membranes (Mirza and Saha, 2020). These anisotropic 
particles are taken up by cells more efficiently and rapidly 
because contact area of these type of particles are high as 
compared to spherical one. That increased activity of  
P.ASLMMSs may be attributed towards enhanced EE and 
increased anisotropic structural morphology when 
compared with  G.SLMMSs. (Jindal, 2017) The long 
dandelion structure of  P.ASLMMSs may be the reason 
for greater penetration into fungal cells (Ghosh et al., 
2020). The biodistribution as well as increased stability of 
anisotropic shaped particles is also superior as compared 
to their spherical counterparts (Mirza and Saha, 2020).  
The utilization of fatty acid ester could also be a reason 
for enhanced antifungal activity. The activity of fatty acid 
esters against different fungi especially Candida species 
has been well established. Hence, higher zones of 
inhibition against C. albicans might be due to combined 
activity of IRL and Precirol ATO5 or GMS (Clitherow et 
al., 2020). Therefore, the use of bioactive lipids for 
encapsulation of IRL and the construction of flower-like 
anisotropic microstructures could pave the way for 
designing oral delivery systems of IRL at lower doses but 
equivalent antifungal activity.  
 
CONCLUSION  
 
IRL loaded ASLMMSs having flower-like morphologies 
were successfully formulated using emulsification-solvent 
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evaporation in conjunction with lyophilization. SEM 
approved the claim of anisotropic structures. Overall, 
ASLMMs might be useful system for oral delivery of IRL 
with much higher encapsulation efficiency, enhanced 
drug release, and antifungal activity. However, future 
studies should consider the in vivo safety and efficacy in 
suitable animal models for validating the suitability of 
ASLMMSs for oral administration in humans. 
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