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Abstract: Background: Clopidogrel (CLP) suffers from extensive first pass metabolism results in a 
negative impact on its oral systemic bioavailability. Cubosomes are Lyotropic Liquid Crystalline (LLC) 
nano-systems comprising monoolein, a steric stabilizer and an aqueous system, it considered a promis-
ing carrier for different pharmaceutical compounds. Box-Behnken Design (BBD) is an efficient tool for 
process analysis and optimization skipping forceful treatment combinations. 

Objective: The study was designed to develop freeze-dried clopidogrel loaded LLC (cubosomes) for 
enhancement of its oral bioavailability.  

Methods: A 33 BBD was adopted, the studied independent factors were glyceryl monooleate (GMO 
lipid phase), Pluronic F127 (PL F127steric stabilizer) and polyvinyl alcohol powder (stabilizer). Particle 
Size (PS), Polydispersity Index (PDI) and Zeta Potential (ZP) were set as independent response vari-
ables. Seventeen formulae were prepared in accordance with the bottom up approach and in-vitro evalu-
ated regarding PS, PDI and ZP. Statistical analysis and optimization were achieved using design expert 
software®, then the optimum suggested formula was prepared, in-vitro revaluated, freeze-dried with 3% 
mannitol (cryoprotectant), solid state characterized and finally packed in hard gelatin capsule for com-
parative in-vitro release and in-vivo evaluation to Plavix®. 

Results: Results of statistical analysis of each individual response revealed a quadratic model for PS 
and PDI where a linear model for ZP. The optimum suggested formula with desirability factor equal 
0.990 consisting of (200 mg GMO, 78.15 mg PL F127 and 2% PVA). LC/MS/MS study confirmed 
significant higher Cmax, AUC0-24h and AUC0-∞ than that of Plavix®.  

Conclusion: The results confirm the capability of developed carrier to overcome the low oral bioavail-
ability. 

Keywords: Clopidogrel, cubosomes, Box-Behnken, oral bioavailability, Plavix®, LC/MS/MS. 

1. INTRODUCTION 

 Clopidogrel (CLP) is an anticoagulant purino-receptor 
antagonist, involved in heart disease management programs 
like stroke [1]. It is an ester-based prodrug subjected to  
enzymatic hydrolysis into an in-active carboxylic acid metabo-
lite [2], and an active thiol metabolite through activation by 
CYP2B6 and hepatic CYP3A4 systems. This activated thiol 
metabolite is responsible for its pharmacological effects [3]. 
However the in-activate metabolite is most abundant than the 
active one, hence, pharmacokinetic evaluation of the drug 
depends mainly on the estimation of the in-active carboxylic 
acid metabolite (indirect method) [4]. CLP is available in 
different commercial salts, such as napadisilate and bisulfate 
(CLP B). These salts are mostly used in pharmaceutical and 
industrial preparation due to their high water solubility,  
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engendered by their amorphous structures [5], unlike CLP 
base which is difficult to handle and formulate [6, 7]. CLP is 
subjected to extensive hepatic metabolism which leads to a 
negative impact on its oral systematic bioavailability (50%). 

 Cubosomes are Lyotropic Liquid Crystalline (LLC)  
systems comprising monoolein, a steric stabilizer and an 
aqueous system, hence considered as a promising carrier for 
different pharmaceutical compounds [8, 9]. Cubosomes are 
composed of biocompatible mucoadhesive amphiphilic  
lipids. The lipid phase is capable of self-assembly in aqueous 
phase leading to cubic well ordered 3-dimensional thermo-
dynamic stable nano-structure with large surface area  
capable of entrapping lipophilic, hydrophilic and amphiphilic 
substances [10]. Glyceryl monooleate (GMO) is the lipid 
component that is commonly used in the preparation of LLC 
[9]. GMO exhibits a variety of structures in aqueous medium 
like lamellar, hexagonal or cubic structure [11]. Predomi-
nance of a certain type of these bicontinuous structures  
depends mainly on the preparation temperature and/or the  
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content of aqueous phase [12]. Although LLC possess ther-
modynamic inherent stability [13], being a colloidal disper-
sion, this stability could be augmented using a steric stabi-
lizer such as poloxamers [14]. However, they are considered 
as liquid dosage forms suffering from patient incompliance 
and inaccurate dosing. This inconvenience could be sur-
passed using the freeze-drying technique to obtain freeze-
dried LLC, hence, combining the advantages of LLC and 
solid dosage forms [15]. 

 A three-factor, three-level (33) Box-Behnken Design 
(BBD) was applied for process optimization of polynomial 
models; it is composed of replicated central points and the 
mid points of the edges of a cube that represent the region of 
interest [16], used to evaluate the main effects, interaction 
effects, quadratic effects of the formulation ingredients [17]. 
BBD needs a limited investigational run unlike the central 
composite and full-factorial designs. Moreover, it skips the 
forceful treatment combinations. 

 Based on the aforementioned, the aim of our study was to 
enhance the systemic low oral bioavailability of CLP 
through the preparation and optimization of freeze-dried 
CLP-loaded LLC using 33 BBD optimization. The plan was 
to attain the features of LLC of being high bioavailable bio 
adhesive nano-forms and physical stability issue by freeze-
drying.  

2. MATERIALS AND METHODS 

2.1. Materials 

 Clopidogrel bisulfate (CLP B) {Hydrogen sulfate salt of 
Methyl-(+) -(S) -α-(o-chlorophenyl)-6, 7-dihydrothieno[3,2-
c] pyridine-5(4H)-acetate} was received as a kind gift from 
Hikma Pharma, Egypt. Glyceryl Monooleate (GMO), Poly-
vinyl alcohol powder (PVA) were purchased from Sigma-
aldrich Co., St. Louis, USA. Pluronic F127 (Poloxamer 407 
powder) was obtained from BASF chemical company,  
Germany. Mannitol was kindly gifted by Roquette, Lestern, 
France. Methanol and hydrochloric acid were purchased 
from El-Nasr Pharmaceuticals (Cairo, Egypt). Plavix® tablets 
containing 75 mg CLP (SANOFI, Cairo, Egypt, Batch No.: 
7A683). Transparent gelatin capsule shells (size 0) were 
supplied by the Center of Applied Research and Advanced 
Studies, Faculty of Pharmacy, Cairo University, Egypt. All 
other reagents and chemicals used were of analytical reagent 
grade and were used without further purification. 

2.2. Experimental Design of CLP-Loaded LLC  

 A three factor-three level 33 (BBD) was applied for 
analysis and optimization of study’s formulation variables to 
get stable homogenous CLP-LLC having nano-metric size 
range. According to the followed BBD design, 17 experi-
mental runs were prepared. Each run was performed twice in 
two separate replicates giving a total of 34 runs. The inde-
pendent categorical variables were: GMO (A) ranging from 
200 to 500 mg, PL F127 (B) ranging from 20 to 100 mg and 
PVA (C) ranging from 0 to 2 %. Particle size (PS) (Y1), 
polydispersity index (PDI) (Y2) and zeta potential (ZP) (Y3) 
were chosen as dependent variables. Analysis of Variance 
(ANOVA) was carried out using Design Expert Software® 
(version 7; Stat-Ease, Inc., Minneapolis, MN) to estimate the 

significance of model and term. Probability < 0.05 denoted 
significance. 

2.3. Preparation of CLP-Loaded LLC by Bottom-  

Up Approach 

 Bottom-up approach was implemented for the prepara-
tion of CLP LLC formulae with minor modifications [8, 18]. 
The cubic lipid phase made up from GMO and Pluronic 
F127 were emulsified into the aqueous acidic phase contain-
ing polyvinyl alcohol (PVA) as an emulsifier. Briefly, both 
GMO and PL F127 were melted using a hot plate (magnetic 
stirrer with heating plate; Wisd WiseStir MSH 20-D, Witeg, 
Germany) adjusted at 70 °C. After complete melting, the 
drug (37.5 mg) was dispersed, vortexed in the molten mix-
ture and kept at 70 °C. Preheated (70 °C) aqueous acidic solu-
tion of PVA dissolved in HCL buffer (pH=2) was prepared.  

 The hot molten mixture was then added drop-wise into 
the hot aqueous mixture at 70◦C under mechanical stirring at 
1500 rpm [10]. Dispersions were maintained under stirring 
for 0.5 h till complete solidification of the lipid droplets. 
Finally, the cooled preparations (F1-F17) were stored in 
glass vials at room temperature pending for evaluation [19]. 
The composition of the prepared formulations is compiled in 
Table 1. 

2.4. Characterization of the Prepared CLP-Loaded LLC 

2.4.1. Particle Size and Zeta Potential Analysis 

 PS (Y1), PDI (Y2) and ZP (Y3) as dependent variables 
were analyzed after dilution with distilled water at ratio (1:20 
v/v) using Malvern zeta sizer (Malvern Instrument Ltd., 
Worcestershire, UK), where Z-average and PDI were deter-
mined by Dynamic Light Scattering (DLS) at 25◦C using 
detector at scattering angle of 173� to the incident beam [20]. 
The PS was expressed as average PS of droplets in the sys-
tem (Z average) and PDI which indicates the width of size 
distribution. PS, PDI and ZP were statistically analyzed by 
factorial Analysis of Variance (ANOVA) using Design  
expert 7 program (DX 7.0.0) to study the effects of different 
variables and their interactions [11]. 

2.5. Formulation Optimization 

 Some restraints were implemented on the design’s vari-
ables to get the optimized CLP-loaded LLC system with 
highest desirably using Design Expert® software. The pro-
posed system was prepared and analyzed to confirm the pre-
dicted optimal responses proposed by the design [21]. 

2.6. Characterization of the Optimal CLP-Loaded LLC 

2.6.1. Particle Size and Zeta Potential Analysis 

 The PS, PDI and ZP for the optimum CLP loaded LLC 
were determined as previously stated. The parameters were 
compared to that suggested by the design and the residual 
value was calculated in order to ensure the validity of  
optimization process. 

2.6.2. Transmission Electron Microscopy (TEM) 

 Morphological examination of the optimum CLP-loaded 
LLC was done using TEM (Joel, JEM-100 CX electron  
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microscope, Joel, Tokyo, Japan). A droplet of optimal CLP-
loaded LLC was placed on a carbon-coated copper grid and 
negatively stained with phosphotungestic acid dye [22]. The 
stained droplet was air dried examined via TEM at 70 kV 
and the resulted film was imaged [17]. 

2.6.3. Freeze-Drying for Optimal CLP Loaded LLC 

 For physical stability issues [23], the optimal formula 
was freeze-dried. Solid granular mannitol (3% w/v) was 
added as a cryoprotectant to the optimal system, then frozen 
at 22oC for 24 h [17]. The frozen CLP-loaded LLC was then 
freeze-dried using the freeze-dryer (Novalyphe-NL 500, 
Halprook, NY, USA) for 24 h, under vacuum at pressure of 7 
x 10-2 mBAR, and condenser temperature was adjusted at - 
45oC.  

2.6.4. Characterization of the Freeze-Dried Optimal CLP-
Loaded LLC 

2.6.4.1. Particle Size and Zeta Potential Analysis 

 Measurement of PS, PDI and ZP for the rehydrated 
freeze-dried powder (10 mL distilled water used for rehydra-
tion) was done and statistically compared to the measured 
values of the optimal liquid dispersion (before freeze-drying) 
to confirm that the freeze-drying process did not affect the 
integrity of the prepared crystals [24]. 

 Finally, the freeze- dried powder (equivalent to 37.5 mg 
CLP) were packed in hard gelatine capsule size 0 ready for 
the in-vitro dissolution and in-vivo evaluation studies. 

2.6.4.2. In-Vitro Drug Dissolution Test 

 The dissolution of CLP from the optimal freeze-dried 
CLP-loaded LLC pre-packed in hard gelatine capsules size 0 
and Plavix® tablets was studied using USP standard basket 
apparatus (apparatus I). The used dissolution medium was 
500 mL HCl buffer (pH =2) stirred at 50 rpm [25]. The tem-
perature was kept at 37.5 +2 oC. Aliquots each of 3 mL were 
withdrawn from the release medium and then filtered 
through 0.22 μm Millipore membrane filter at 5, 10, 15, 20, 
30, 45, and 60 minutes time intervals and replaced by an 
equal volume of fresh HCl buffer (pH=2). The amount re-
leased at each time point was calculated spectrophotometeri-
cally at the predetermined λmax of clopidogrel (278 nm). The 
experiment was done in triplicate and the average Q60% + 
S.D. was calculated. 

2.6.4.3. Differential Scanning Calorimetry (DSC) 

 The physical behaviour of the optimal freeze-dried CLP-
loaded LLC and its individual components (pure CLP, PL 
F127, PVA, mannitol) were characterised using differential 
scanning calorimetry (Differential scanning calorimeter DC-
60; Schimadzu, Kyoto, Japan). The tested samples were 
placed in aluminum pans and heated in a temperature range 
of 25-400ºC at a constant heating rate of 10ºC/min under 
nitrogen atmosphere [26]. 

2.6.4.4. Scanning Electron Microscopy (SEM) 

 Surface morphology of the optimal freeze-dried CLP 
loaded LLC was examined using Jeol JSM-5200 scanning 
electron microscope (Tokyo, Japan). The sample was fixed 

on brass stub using double-sided adhesive tape and then 
made electrically conductive by coating in a vacuum with a 
thin layer of gold ( ̴150Å) for 30 s. The pictures were taken at 
an excitation voltage of 25 Kv [27]. 

2.6.5. In-Vivo Pharmacokinetic Study 

 A single-dose randomized parallel design was conducted 
on healthy male Albino rabbits weighing 2.5 ± 0.2 kg free 
from any diseases. The protocol was approved by the institu-
tional review board of the Institutional Animal Care and 
Ethical Committee of Cairo University (Approval No. 871). 

 The rabbits were kept for 12 h dark/light cycle in an area 
with controlled temperature (25 °C) and humidity (55% ± 5%). 
Rabbits were alienated into two groups of equal size. Rabbits 
were allowed to eat standard labium and drink water 24 h 
before the day of the experiment. After an overnight fast, one 
group received the market conventional tablet (Plavix®) 
equivalent to 75 mg drug and the second group received the 
optimal freeze-dried CLP-loaded LLC pre-filled in hard 
gelatin capsule size (0) equivalent to 37.5 mg drug [27]. 

 Blood samples (1 mL) were collected from the marginal 
ear vein at time points; 0 (predose), 0.25, 0.5, 1, 1.5, 2, 4, 6, 
8, 10, 12 and 24 h into heparinized microcentrifuge tubes. 
The blood samples were instantly centrifuged at 5000 rpm 
for 10 min to separate plasma. The plasma samples were 
collected and stored at -20 °C until drug analysis.  

 Plasma samples (1 mL) were melted at room temperature 
and then mixed with 100 µL torsemide as an internal stan-
dard (50 ng/mL) and 3 mL acetonitrile. The formed mixture 
was then vortexed and centrifuged at 5000 rpm for 5 min and 
finally injected into LC-MS/MS (Shimadzu LC system, 
Mass spectrometer API 3200). 

 Plasma samples were analyzed for the drug content using 
a sensitive LC-MS/MS method. The used chromatographic 
column for the separation technique was reversed-phase 
Aguilant column (50 mm, 5 μm diameter). The used mobile 
phase consisted of 80% acetonitrile, 20% water with 0.1% 
formic acid. The analysis was operated at the MRM (multi-
ple reaction monitoring) positive ionization mode.  

 The pharmacokinetic parameters of CLP from the inves-
tigated formulations were calculated using Kinetica TM2000 
software (version 3, InnaPhase Corporation, USA) [28]. The 
investigated pharmacokinetic parameters were the peak 
plasma concentration (Cmax), the time to reach peak plasma 
concentration (Tmax), the area under the plasma concentration 
time curve from zero to the last sampling time (AUC0-24h) 
and the half-life (t1/2). Statistical analysis using SPSS soft-
ware® (one-way ANOVA) was applied for comparison be-
tween the pharmacokinetic parameters of both treatments. 
Differences were considered significant at p-values < 0.05. 
concerning  

3. RESULTS AND DISCUSSION 

3.1. Statistical Analysis of 3
3
 BBD 

 PS, PDI and ZP were selected as the response variables. 
Each one was scrutinized separately using linear regression. 
Model reduction was done to elucidate any non-significant 
interaction. The concluding model either full or reduced was 
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the one with the highest prediction R2 and the lowest press 
[29].  

3.1.1. PS Model Analysis 

 PS is considered to be a critical parameter affecting the 
intra-cellular uptake of drugs, where small nanometric crys-
tals possess higher intracellular uptake than crystals with 
large PS [13]. The determined Z-average values for CLP-
loaded LLC are presented in Table 1. From the table, it is 
obvious that the average PS ranged from 152.00 ± 31.11 to 
911.00 ± 97.58 nm. This small PS might be attributed to the 
effect of PL F127 in the dispersion [26]. Moreover, the 
weight ratio of PL F127: GMO possessed a significant effect 
on the PS, where increasing the ratio more than 10% led to 
the formation of vesicular particles rather than nanostructure 
cubic particles. On the other hand, ratios up to 10% resulted 
in the formation of colloidal dispersions with small PS [12]. 
This was the rationale behind the existence of vesicles with 
relatively large PS and PDI value. 

 The 3-D response surface plots for the effect GMO and 
PL F127 on PS are represented in Fig. (1). 

 PS model analysis revealed that the quadratic model (p-
value<0.0001) with the highest R2 was the best suitable one 
for PS. ANOVA analysis showed that both formulation vari-
ables (GMO, PL F127) possessed a significant effect on the 
PS with p-value <0.0001, which was confirmed through the 
final equation connecting different factors and interactions 
for PS in terms of coded factors. PVA had non-significant 

effect on PS with p-value= 0.7509. Increasing the concentra-
tion of GMO resulted in a significant increase in the PS. On 
the other hand, increasing PL F127 concentration produced 
particles with a smaller size. 

Z-average = 498.71+331.43*A-46.15* B 

 Increasing the stabilizer (PL F127) concentration leads to 
faster adsorption on the particles' surface and thus a smaller 
final PS. Stabilizers anchor on the particle surface making a 
mechanical barrier against crystallization by occupying the 
adsorption sites and inhibiting the incorporation of drug 
molecules from solution into the crystal lattice. Stabilizer 
concentration affects the PS in a paradoxical manner, where 
insufficient stabilizer could result in rapid crystal growth and 
agglomeration due to insufficient surface coverage, while at 
very high concentration beyond the critical micelle 
concentration, the stabilizer molecules are oriented in a 
micelle form rather than being adsorbed on other surfaces. 
As a result, the surfactant adsorption on the particle surface 
is reduced and particle agglomeration is increased leading to 
larger PS [30]. 

3.1.2. PDI Model Analysis 

 PDI is a dimensionless parameter that represents the 
width of size distribution giving an idea about the homoge-
neity of the dispersion under the study [31]. Table 1 shows 
the PDI values of the prepared CLP-loaded LLC. The PDI 
values ranged from 0.138 ± 0.022 to 0.548 ± 0.027. The 
large PDI values may be due to presence of different types of 

Table 1. Composition, average PS, PDI and ZP for the prepared CLP loaded cubosomal dispersions. 

Formulae 
Composition 

a 

GMO (mg): PL F127 (mg): PVA (%)  
 PS ± S.D (nm) 

b
 PDI ± S.D. 

c
 ZP ± S.D. (mV) 

d
 

F1 500:100:1 838.50 ± 9.19 0.548 ± 0.027 -36.00 ± 3.25 

F2 200:20:1 261.60 ± 23.19 0.140 ± 0.008 -33.90 ± 0.71 

F3 350:100:2 440.88 ± 4.54 0.266 ± 0.040 -33.40 ± 0.71 

F4 500:20:1 911.00 ± 97.58 0.375 ± 0.037 -32.80 ± 2.55 

F5 350:60:1 480.50 ± 3.54 0.323 ± 0.033 -33.90 ± 1.27 

F6 350:20:2 485.00 ± 2.83 0.262 ± 0.056 -31.85 ± 2.05 

F7 200:60:2 190.00 ± 1.41 0.138 ± 0.022 -33.55 ± 0.78 

F8 500:60:2 846.00 ± 2.83 0.332 ± 0.021 -33.05 ± 0.92 

F9 350:60:1 581.05 ± 17.89 0.327 ± 0.027 -34.35 ± 0.64 

F10 350:20:0 521.50 ± 0.70 0.289 ± 0.004 -35.85 ± 3.61 

F11 350:100:0 383.00 ± 8.48 0.474 ± 0.039 -34.30 ± 0.14 

F12 200:60:0 183.50 ± 4.95 0.261 ± 0.021 -32.70 ± 0.99 

F13 200:100:1 152.00 ± 31.11 0.329 ± 0.031 -34.90 ± 0.85 

F14 350:60:1 488.50 ± 9.19 0.323 ± 0.004 -36.25 ± 0.64 

F15 350:60:1 492.00 ± 5.66 0.338 ± 0.054 -33.75 ± 0.07 

F16 350:60:1 476.50 ± 3.53 0.326 ± 0.010 -34.70 ± 1.27 

F17 500:60:0 475.00 ± 4.23 0.289 ± 0.018 -34.65 ± 1.48 

a (GMO) Glyceryl Monoolein, (PL F127) Pluronic F127 and (PVA) Poly Vinyl Alcohol. 
b (PS) Particle Size, c (PDI) Polydispersity Index and d (ZP) Zeta Potential. Each value represents mean ± S.D. (n=3). 
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vesicles beside cubic nanocrystals in the dispersion, as pre-
viously discussed [10, 32]. 

3-D response surface plots for the effect of GMO, PL F127, 
and PVA on PDI are represented in Fig. (1). 

PDI = 0.32+0.084*A+0.069* B-0.039*C+0.042 *A*C-
0.045*B*C+0.040*B2-0.053*C2 

 The quadratic model was the prime one for PDI (p-
value=0.0009). Results of ANOVA showed that GMO, PL 
F127 and PVA had significant effects on PDI with p-values 
<0.0001 for GMO and PL F127 and = 0.0012 for factor 
PVA. As illustrated per equation, increasing the GMO and 
PL F127 amounts led to a significant increase in PDI. The 
possible explanation of these findings was that increasing 
GMO amounts lead to an increase in the PS which in turn is 
reflected in the PDI of the dispersion. Regarding PL F127, 
although smaller PS is observed at high PL F127 concentra-
tion, but a vesicular micrometer structure was formed which 
consequently led to higher PDI. Similar findings were re-
ported [12, 33], where diverse ultrastructure with varying PL 
F127 concentrations in monoolein dispersions was observed 
and imaged. On the other hand, increasing the PVA concen-
tration resulted in a significant decrease in PDI. This might 

be endorsed to the stabilizing effect of PVA on the nanopar-
ticles' surface, which in turn prevented the particle reaggre-
gation [34].  

3.1.3. ZP Model Analysis 

 When ZP value falls around ± 30 mV [35], the system is 
considered stable due to electric repulsion between the parti-
cles [13]. ZP is an important indicator of colloidal system 
physical stability. Generally, LLC are thermodynamically 
stable systems, while cubosomes have less colloidal stability 
than ordinary emulsion in aqueous media [14], hence the 
addition of stabilizer like PL F127 (a steric stabilizer) and 
PVA (synthetic polymer which is reported to stabilize GMO 
dispersions, [36]) was required to obtain stable nano-
dispersion.  

 The results of ZP are presented in Table 1. As shown in 
the table, ZP values ranged from -31.85 ± 2.05 to -36.25 ± 
0.64 mV. This negative ZP values might be attributed to the 
free oleic acid molecules in the structure of GMO [13]. The 
linear model showed the highest prediction R2 and the lowest 
PRESS. Thus, it was a suitable one for ZP. Fig. (1) shows 
the response surface plot for ZP. 

 

Fig. (1). Response 3-D plot for the effect of GMO and PL-F127 on average particle size, polydispersity index and zeta potential.
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 The final equation relating the factors and interaction for 
ZP is: 

ZP= +33.96 

3.2. Formulation Optimization 

 Restraints were applied to obtain a system with minimal 
PS and PDI. The optimum formula with desirability factor 
0.990 was suggested by the design software. Table 2 shows 
the level of each factor for the optimum formula. This opti-
mum formula was prepared and subjected to in-vitro charac-
terization. 

3.3. Characterization of the Optimal CLP Loaded LLC  

3.3.1. PS and ZP Analysis 
 Results of PS, PDI and ZP for the optimum formula are 
shown in Table 2. The values of the predicted and measured 

responses were close, confirming that the optimization proc-
ess was valid. 

3.3.2. TEM  
 The TEM image of the optimum CLP-loaded LLC is 
demonstrated in Fig. (2A). From the figure, it was obvious 
that a monodispersed nano-vesicular cubic like structure was 
obtained. This structure was previously reported for GMO 
nano-dispersions by Lai et al. [11]. The PS ranged from 
75.31 to 76.53 nm. By comparing with the PS values ob-
tained from the Malvern zeta sizer (Fig. 2B), it could be con-
cluded that the smaller PS range was obtained with the TEM. 
Similar findings were observed previously [26, 37].  

3.3.3. Freeze-Drying of the Optimum CLP-Loaded LLC 
 Freeze-drying is a frequently used procedure for the  
conversion of nanoparticle dispersions into a dry solid form. 

Table 2. Levels of optimized factors for the prepared optimal CLP loaded dispersion and its suggested and predicted responses.  

Factors Levels 

A: GMO 200 mg 

B: Pluronic F127 78.15 mg 

C: PVA 2 % 

Response Suggested Predicted Residual 

Particle size (nm) 146.348 157.405 -11.057 

Polydispersity index 0.122 0.138 -0.016 

a; Residual=suggested -predicted. 

 

 

Fig. (2). (A), TEM photo of the optimized CLP-loaded LLC. (B), particle size distribution curve of optimized CLP loaded LLC.
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Conversion to solid powder is important mainly for patient 
compliance and for long term stability [38]. To preserve the 
nanoparticles' integrity during the freeze-drying process, a 
cryoprotectant was dissolved in the nano-dispersion before 
the freezing process. Cryoprotectant concentration affects the 
redispersion of the freeze-dried powder dramatically [39]. 
Redispersibility is the capability of the freeze-dried powder 
to retain its original particle size upon dilution with aqueous 
medium [40, 41]. In this study, mannitol was used as cryo-
protectant at a concentration 3% w/v based on preliminary 
trials [17].  

3.4. Characterization of the Freeze-Dried Optimal CLP 

Loaded LLC 

3.4.1. Particle Size and Zeta Potential Analysis 

 The results of PS and PDI of the optimum lyophilized 
formula after redispersion are compiled in Table 2. In light 
of statistical analysis, the obtained results showed insignifi-
cant differences (p > 0.05) from their corresponding results 
obtained before the freeze-drying process, confirming that 
the freeze-drying process did not affect the measured re-
sponses. 

3.4.2. In-Vitro Dissolution of CLP from Optimum  
Lyophilized CLP Loaded LLC 

 CLP dissolution from the optimum freeze-dried formula-
tion packed in hard gelatin capsule was compared to that 

from the market product (Plavix®). The dissolution of the 
drug from the two investigated formulations is illustrated in 
Fig. (3A). ANOVA analysis of the cumulative amount of 
drug dissolved (Q60%) did not show any significant differ-
ence between the Q60% of the market product and the pre-
pared freeze-dried optimum formula (p=0.314). 

 Generally, the internal structure of LLC affects the drug 
release [9]. Cubosomes as biocontinous cubic phase has a 
small surface area and nano-size scale which results in high 
diffusion of the drug from the cubic matrix [42]. A similar 
finding was reported previously, where a significant im-
provement in Q15%, and Q90 % of tamoxifen citrate was ob-
served by the author during the in-vitro dissolution study of 
tamoxifen citrate-loaded cubosomes in comparison to plain 
tamoxifen citrate powder [43]. Also, porosity property of the 
used cryoprotectant (mannitol) is thought to play an impor-
tant role in the redispersion of dry powder upon dilution and 
hence enhances the penetration of the dissolution medium 
resulting in enhancement of drug dissolution [44, 45]. 

3.4.3. DSC 

 DSC thermograms of the optimal freeze-dried formula-
tion as well as its individual components are demonstrated in 
Fig. (4A). As shown in the figure, CLP possessed a sharp 
endothermic peak at 175�C corresponding to its melting 
point, indicating its crystalline character [46]. CLP’s peak 
completely disappeared in the freeze-dried formulation 

Fig. (3). (A), In-vitro drug dissolution of freeze-dried CLP-loaded LLC packed in hard gelatin capsule. (B), Plasma concentration profiles 
after oral administration of CLP of Plavix® and lyophilized CLP-loaded LLC capsule. Each value represents mean ± S.D. 
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which confirmed the transformation of the drug from the 
crystalline form to the amorphous form, this in turn con-
firmed the diffusion of CLP within the cubic matrix. 

3.4.4. SEM 

 The SEM micrograph of the investigated freeze-dried 
optimal formulation is presented in Fig. (4B). The micro-
graph showed a fiber mesh like structure typical for PL F127 
due to its thermo-reversible gelation in water [47]. 

3.5. In-Vivo Pharmacokinetic Study 

 Bioavailability study of CLP depended mainly on  
measuring the pharmacokinetic parameters of its inactive 
carboxylic acid metabolite (clopidogrel carboxylic acid) 
since CLP is a prodrug [7]. Validated, sensitive and accurate 

LC/MS/MS method was operated for the detection of CLP’s 
metabolite in plasma. Linear calibration curve between peak 
area ratio of drug to its internal standard against CLP’s  
metabolite concentration with r2 equal 0.997 was obtained. 
Fig. (3B) demonstrates the mean plasma concentration-time 
curve following the oral administration of CLP from the op-
timum freeze-dried LLC formula packed in hard gelatin cap-
sule (size 0) and Plavix® tablet to rabbits. As illustrated from 
the figure, the prepared formula has 9-fold higher value for 
the AUC0 - ∞ compared to that produced by Plavix® tablet 
with average Cmax equal 21.651± 5.993 �g/ml attained after 1 
h, compared to average Cmax obtained from Plavix® 1.683 ± 
0.387��g/ml reached after the same time. Statistical analysis 
for comparison of the pharmacokinetic parameters showed a 
significant difference in the peak drug concentration and area 
under plasma time curve, where the lyophilized CLP-loaded 

 

 

Fig. (4). (A), DSC thermograms of the optimized freeze-dried CLP loaded LLC and its individual components. (B), scanning electron micro-
graph of optimum freeze-dried CLP loaded LLC.  
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LLC had a significantly higher Cmax and AUC0-∞ (Table 3). 
Non-significant difference between both treatments for  
median tmax, drug elimination rate constant (λz) and  
elimination t1/2. 

 From the results presented in Fig. (3B), it is obvious that 
the enhancement in CLP’s bioavailability (9.2 folds) relative 
to the market product might be attributed to the fact that LLC 
had the ability to stick closely to the endothelial cell mem-
brane, hence enhance absorption of entrapped drug [48]. 
Basically, being a lyotropic carrier so they have the capabil-
ity to come in contact with the “unstirred water layers”,  
allow transcellular absorption of the entrapped drug [49]. 
Moreover, GMO is a bioadhesive mono-glyceride [50].  
Mucoadhesivness is not related only to the lipid phase 
(GMO) but also depends on the resultant cubic phase as  
previously documented based on the tensiometric measures 
[51]. Fusogenicity of GMO allows the alteration in perme-
ability of mucous membrane and bilayer lipid structure  
[52, 53], in addition, GMO is an ester hence it is subjected to 
enzymatic cleavage result in existence of more nanostruc-
tures in the presence of endogenous phospholipids and bile 
salts [54], as a result, high drug uptake and absorption [55].  

 Similar results were reported by Jin et al. [9], where an 
improvement in permeability and bioavailability of the  
anticancer agent protopanaxdiol was observed with GMO 
cubic dispersion. 

  Another important parameter contributes to the high 
bioavailability is the nano-size of the resultant CLP loaded 
LLC [56]. Small nano-metric size allows lymphatic uptake 
[57, 58], hence bypassing the metabolic effect of the liver. 
Last of all, CLP-loaded LLC had nano-size scale, TEM 
analysis confirmed the cubic like structure, stable with  
acceptable zeta potential negative value and had high in-vitro 
drug dissolution Q60 % [43]. 

CONCLUSION 

 From the above mentioned results, we can reach a  
conclusion that CLP-loaded LLC packed in a capsule was 

able to enhance the bioavailability of drug candidates having 
low oral systemic bioavailability like CLP. A 33 box-
benkhen design was applied; statistical analysis for the de-
pendent variables illustrated that the quadratic model was the 
one for PS and PDI and linear model for ZP. The optimum 
formulation suggested by the design with desirability factor 
of 0.990 was prepared, in-vitro evaluated, freeze-dried to be 
packed in a capsule for in-vitro dissolution study in compari-
son to Plavix® tablets. Furthermore in-vivo study for the op-
timized freeze-dried dispersion showed a notable 9-fold in-
crease in relative bioavailability.  
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Table 3. Pharmacokinetic parameters of the optimized freeze- dried CLP-loaded LLC packed in hard gelatin capsule in comparison 

with the Plavix
®

 tablet. 

Treatment (Mean ± S.D.)�

Pharmacokinetics Parameters�
The Optimized Freeze- Dried CLP-Loaded LLC 

Packed in Hard Gelatin Capsule�
Plavix

®
 tablet�

Cmax (µg/mL) **� 21.651 ± 5.993� 1.683 ± 0.387�

tmax (h) *� 1 ± 0.00� 1 ± 0.00�

AUC0 - t (µg.h/mL) **� 48.522 ± 26.183� 9.811 ± 1.686�

AUC0 - ∞ (µg.h/mL) **� 49.853 ± 27.645� 10.753 ± 1.878�

t1/2 (h) *** 5.579 ± 0.98� 6.29 ± 3.67�

Kel (h
-1) *** 0.127 ± 0.021� 0.133 ± 0.058�

MRT (h) * 3.617 ± 2.028� 8.60 ± 3.99�

*Median of Tmax and MRT are displayed instead of the mean values. 
**Significant difference. 
***No significant difference. 
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