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Abstract 

In recent years, a considerable effort was dedicated to researching pentoxifylline, because of its 
effect on the hemorheology, increasing deformability, decreasing the aggregation trend of the red blood 
cells and the fibrinogen concentration. All of these properties turned pentoxifylline into a drug eligible 
to be used in peripheral vascular disorders. At the same time, the pharmacological profile of 
pentoxifylline and its short half-life make it a prime candidate for processing it in encapsulating drugs. 

This study was aimed at the development and optimization of the encapsulation of 
pentoxifylline in biodegradable, biocompatible and non-toxic carriers (microspheres, liposomes), in 
order to improve its bioavailability. Encapsulation of the drug in vesicular structures is 
recommended for prolonging its existence in the systemic circulation and for reducing its toxicity.  

Microspheres were prepared by the emulsification of a gelatin solution in an oil phase. In this 
study, the physicochemical characteristics of the gelatin microspheres were studied (particle size, 
particle density, crystalline form, drug content and stability). 

Liposomes were prepared by a physical dispersion method using different ratios of lipids. We 
have studied the changes that occurred in the entrapment efficiency, particle size and drug stability 
when different formulation parameters were modified. 

The physicochemical properties of both encapsulated forms were significantly affected by the 
formulation parameters. 

 
Key words: pentoxifylline, microspheres, liposomes, encapsulation 
 
Introduction  

 
 Pentoxifylline, a xanthine derivative, is an analogue of theophylline which is widely 

used as vasodilator in peripheral and cerebral vascular disorder to inhibit the production of 
cytokines tumor necrosis alpha factor, thus used in metastasis (L. BANDERA & al. [1]). 
Pentoxifylline and its metabolites (seven of them, all active) improve the blood flow by 
decreasing its viscosity. The biological half-life is of 0.4 – 0.8 hours for pentoxifylline, and 
for its metabolites ranges between 1 and 1.6 hours. It has a low oral availability (19±13%) 
(J.G. HARDMAN & al. [2]). A first plasmatic peak occurs 2-3 hours after the oral 
administration of a 400 mg dose (H.G. GRIGOLEIT & al. [3]). 

 Pentoxifylline has physicochemical properties (high solubility: 77 mg/ml at 20° C) 
and pharmacological characteristics (the time until maximum plasmatic levels after oral 
administration, biological half-life) which commend it as a potential candidate for 
encapsulation into vector systems, thus offering the possibility of production of extended-, 
even controlled-release dosage forms (I. POPOVICI & al. [4]). 

 Current research show the preoccupation for the production of vectors ensuring a 
selective targeting and a controlled release of the drug at the targeted organ or cell (S. 
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TAMIZHARASI & al. [5], J. VARSHOSAZ & al. [6]). Among the drug vectors usually 
employed for encapsulation, microspheres and liposomes are suitable for encapsulating 
pentoxifylline. 

 Microencapsulation represents the process in which solid, liquid or gaseous substances 
are entrapped in microscopic-sized particles of a polymeric material. The process offers 
several advantages, such as prolonging the drug release, increasing the chemical stability 
during the accumulation of the drug in the organism, masking the unpleasant taste of some 
drugs, the possibility of incorporating drugs in any state of aggregation, lower toxicity, higher 
immunologic tolerance, easier handling of incompatible drugs, delayed or even controlled 
therapeutic effect, easy administration in any circumstance (C. PIRVU & al. [7], A. 
POPOVICI & al. [8]).  

 Liposomes are lipid vesicles usually with a 0.05-5 μm diameter, which are formed 
spontaneously when certain lipids are dispersed in aqueous media. They are safe and efficient 
means for the introduction of different agents in the organism, avoiding problems raised by 
other routes of administration. They can incorporate hydrophilic, as well as lipophilic 
substances. As the microspheres, liposomes have some advantages: they provide a prolonged 
drug presence in the systemic circulation and reduce the drug toxicity; they are compatible, 
biodegradable, non-toxic and non-immunogenic (T. LIAN & al. [9], L. HINCU & al. [10]). 
Liposomes have been reported to modulate the stability and to improve the pharmacokinetic 
properties of the encapsulated drug, reducing side effects and improving its in vitro and in 
vivo activity (M. ACHIM & al. [11], U.D. SHIVHARE & al.  [12]). 

 This study was aimed at the design and optimization of two methods of encapsulating 
pentoxifylline in order to improve its bioavailability and to achieve a controlled drug release 
profile suitable for oral administration. Thus, the evaluation, change and optimization of the 
experimental formulations and the entrapment efficiency, the size and stability of the 
encapsulated pentoxifylline forms were studied. 
 
Materials and methods 

 
 The type B gelatin was purchased from MERK, egg phosphatidylcholine (PC) and 

Dipalmitoil-phosphatidylcholine (DPPC) from SIGMA – ALDRICH, cholesterol (C) from 
FLUKA and Pentoxifylline (P) was offered as a sample from TERAPIA S.A. 

 All the other chemicals, reagents and solvents (glutaraldehyde, potassium chloride, 
potassium dihydrogen phosphate, acetone, chloroform, methanol) used were of analytical or 
HPLC grade and were purchased from MERCK, Germany. All other materials were of 
analytical grade or equivalent.  
 The preparation of Pentoxifylline-loaded gelatin microspheres 

 Pentoxifylline (P) microspheres were prepared by making an emulsion (a solution in 
gelatin stirred into sun flower oil). 

 The characteristics and yield of microspheres with a narrow size distribution range are 
affected by the geometry of the vessel in which the emulsion is prepared, the type of stirrer 
and the intensity of the stirring process, and by the temperature during the different phases of 
the technological process (M. DONBROW [13], C. PIRVU [14]). 

 In order to obtain microsphere populations with sizes between 400 and 630 �m, 
considered as optimal, an experimental matrix with seven factors that influence the 
technological process, with two levels, based on the Taguchi model, was developed (J. 
ALEXIS [15]). The considered factors were: A, the intensity of the stirring process (rpm); B, 
the water/gelatin ratio (g/g); C, the drug/solid gelatin ratio (g/g); D, the gelatin 
solution/sunflower oil ratio (g/g); E, the temperature at which the emulsion was obtained; F, 
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the temperature at which the emulsion was cooled in order to turn into gel; G, the duration of 
the reticulation process in glutaraldehyde saturating vapors, at 25° C. 

 In order to obtain P-loaded gelatin microspheres, a solution of pentoxyfilline in 
gelatin, at 70° C, using a thermostat U10 (MECHANIK PRUFGERATE MEDINGEN) was 
prepared. The solution was continuously added, under intense stirring conditions (500 rpm – 
using a K. HELLER CORP. stirrer – Series H Motor Controller), to the neutralized sunflower 
oil, at a constant temperature of 70° C. To help the emulsion-forming process and eliminate 
the gases from the system (which increases the stability of the emulsion) (16), the emulsion 
was constantly stirred for 30 minutes and then rapidly cooled and dehydrated with acetone at 
a constant 5° C temperature. The microspheres were separated and washed in acetone twice. 
One fraction of the microspheres was reticulated in glutaraldehyde saturating vapors at 25° C, 
for 48, respectively 72 hours. Both the reticulated and non-reticulated microsphere fractions 
were dried at 20° C for 72 hours. 
 The physicochemical characterisation of the p-loaded gelatin microspheres 

• Size measurement  
 The experimental microspheres were sieved through a calibrated system - VEB 

METALLWEBEREII NEUSTADT ORLA, in order to separate the different sized fractions.  
• The morphology of the microspheres 
 The morphological analysis of the P-loaded gelatin microspheres was performed with 

a SEM electronic microscope. Photographs of the experimental microspheres were taken 
using the same device. 

• X-ray diffractometry 
 The X-ray diffraction patterns were recorded using an X- ray diffractometer TUR M-

61. For this analysis, the microspheres were first compressed in an aluminum support with a 
sandpaper band. The experimental conditions were the following: the voltage of the X-ray 
generator was of 30 KV, the intensity of 20 mA, the radiation Kα1 (Ni filter), the goniometer 
speed of ϕ =10/min and recorder speed of 1200 mm/hour, for 2φ  = 2 – 40. 

• Drug content 
 The assay was performed using a spectrophotometer method, on a UV-Vis PERKIN-

ELMER spectrophotometer. We have considered the experimental observations, according to 
which gelatin in an aqueous solution does not show characteristic peaks at the wavelengths 
for which pentoxifylline shows peaks (λP = 274 nm, λP = 208.6 nm). The drug content of the 
experimental microspheres was determined after drug extraction in distilled water at 37° C 
and stirring at 200 rpm (2 hours for non-reticulated microspheres and 8 hours for reticulated 
microspheres).  

• Stability studies 
 The microspheres were placed in a screw-capped glass container and stored at ambient 

humidity conditions, at room temperatures (25±2° C), oven temperature (37±2° C) and in 
refrigerator (5-8° C) for a period of 60 days. The microspheres were analyzed for drug 
content. 

 All measurements were carried out in triplicate.  
 The preparation of p-loaded liposomes 

 From the various liposome preparation methods, the hydration of a lipid film was 
considered as being the most suitable for the encapsulation of P (G. GREGORIADIS [17]). 

 Lipid solutions were prepared by dissolving accurate amounts of phosphatidylcholines 
and cholesterol in chloroform. Aliquots of 5.0 ml from each solution were introduced in a 100 
ml round-bottomed flask. The solvent was evaporated in a HEIDOLPH LABOROTA 4200 
rotaevaporator, at 35°- 40°C, under vacuum. The dry lipid films were hydrated by adding 10 
ml phosphate buffer pH 7.4 (0.25 M) solution in which pentoxifylline was previously 
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dissolved. The lipids were mechanically dispersed in the aqueous medium by stirring for 2 
hours. The hydration process was performed at two temperatures: 20°C and 40°C. For the 
purification of the vesicles, the liposomes were separated from the unincorporated compounds 
by centrifugation. Vesicular dispersions were spun in a laboratory centrifuge HETTICH 
UNIVERSAL 320 R, at 10ºC, 10000 rpm, for 60 min. The supernatant was removed and the 
liposomes were reconstituted in 5 ml aqueous medium phosphate buffer (pH 7.4). This 
suspension was allowed to hydrate for 2 h in order to anneal any structural defects (G. CEVC 
[18]). 

 Four formulas of liposomes (table 1) were prepared in order to select an optimum 
formula (with an adequate size, yield and stability). 
Table 1. The composition of the experimental liposomes (mg) 

Sample PC DPPC C P 

L1P 150 150 150 200 
L2P 180 180 120 200 

L3P 240 240 180 200 

L4P 270 270 30 200 

 
The physicochemical characterisation of the p-loaded liposomes 
• Size measurement  

 The determination of the diameter was performed by a MASTERSIZER 2000 
Malvern apparatus. 

• The determination of the entrapment efficiency. 
 The analysis of the UV spectra of P, both in the presence and in the absence of 

phosphatidylcholines, has shown that this method of assay is adequate, because the lipids and 
pentoxifylline have absorption peaks at different wavelengths. 

 To determine the entrapment efficiency, 1 ml of liposomal suspension was centrifuged 
for one hour at 12000 rpm (HETTICH 320 centrifuge). The clear supernatant was used for 
determining the P that was not entrapped (spectrophotometric, at 274 nm). The sediment was 
filled up to 100 ml phosphate buffer, pH 7.4, and spectrophotometrically assayed. 

The percentage of encapsulated P was calculated using the formula: 
Ps 
% Pe  = ------x 100 
              Pt 

 In which: Pe  = amount of drug in sediment; Pt = total amount of drug/ml liposomal 
suspension 

• Stability studies. 
 The stability of the dispersions was monitored for 60 days, interval in which the 

liposomal dispersions were kept at constant temperature (5 ± 1ºC). Once a week for the first 
month, and then once every two weeks, the P content of the liposomes was determined, by the 
method previously described at the determination of the entrapment efficiency. Also, the 
liposome size was determined, and the corresponding histograms were made out. The 
determination was performed of a MASTERSIZER 2000R apparatus.  

 All measurements were carried out in triplicate.  
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Results and discussion 
 
The preparation of p-loaded gelatin microspheres 
In the design of the experimental plan for the preparation of the P-loaded gelatin 

microspheres, in each experiment a different combination of the levels of factors was used, so 
that each factor is combined with every level of another factor in an equal number of 
combinations. The conclusion was that the optimal influence levels are: A: 500 rpm; B: 2:3 
(g/g); D: 1:7 (g/g); E: 70° C; F: 5° C; G: 72 hours. 

The morphology of the microspheres obtained in these conditions is shown in the 
following image. 

 

 
 

Figure 1. The morphology of reticulated microspheres after 48 h 
 
In the reticulation conditions, the color of the microspheres turned slightly brown, 

depending on the time of exposure to the atmosphere of reticulating agent. The reticulation 
seems to be superficial, the thickness of the reticulated layer dependant on the duration of 
reticulation. This superficial reticulation does not affect the homogenous distribution of the 
drug in the microsphere. In order to demonstrate that no loss of drug occurs during the 
reticulation, the drug content of the microspheres was assayed before and after reticulation. 

 
 The physicochemical characterisation of p-loaded gelatin microspheres 

• Size measurement of the microspheres 
The P-loaded gelatin microspheres are polydispersed, with sizes ranging from 100 to 

800 �m, their majority sizing from 400 to 600 �m, due to the appropriate selection of the 
levels of the influence factors (figure 2). 
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Figure 2. Average diameters of the gelatin microspheres with pentoxifylline 
 

• The morphology of the microspheres 
The analysis of the photographs taken for all types of microspheres shows that they 

have a spherical or almost spherical shape, with no crystals of pentoxyphylline on their 
surface. The reticulated microspheres keep their spherical shape even after reticulation. 
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The photographs of the non-reticulated microspheres are shown below. 
 

 
 

Figure 3. The morphology of unreticulated microspheres 
 

• X-ray diffractometry 
No drug peaks were shown in the X-ray diffraction patterns of the gelatin microspheres. 

The drug is dispersed in the gelatin network in the amorphous state. No X-ray diffractometry 
spectra characteristic for P were recorded after 6 months, which proves that in this interval no 
crystallization processes occurred in the microspheres. 

• Drug content 
The total drug content of gelatin microspheres is shown in Table 2. 
By analyzing the data in this table, it can be observed that the drug-loading per gram of 

reticulated microspheres is approximately the same, regardless the microsphere size and 
degree of reticulation. 

 

Table 2. Drug content (g P/g of microspheres) 
 

Type of microspheres Wp 

Unreticulated gelatin microspheres with P. 0,212 
P. gelatin microspheres reticulated 48 h 0,209 
P. gelatin microspheres reticulated 72 h 0,206 

 
The reticulation in a saturated atmosphere with glutaraldehyde does not affect the drug 

content of the microspheres. 
• Stability studies 

 In the stability studies, no appreciable difference was observed in the extent of 
degradation of products during 60 days in the reticulated microspheres which were stored at 
various temperatures. The variations in microsphere size and drug content are ales than 5 %, 
which proves the high stability of these encapsulated forms. Unreticulated microspheres have 
shown much more significant changes than reticulated ones. 
 The optimisation of the liposomal formulations 

 The method described at 2.3. has produced a milky dispersion of large multilamellar 
liposomes. The influence of the lipidic composition and of the temperature during the 
hydration process on the entrapment efficiency was studied. The resulting data is shown in 
table 3. 

 The data shows that an increase in the cholesterol percentage results in a decrease of 
the degree of encapsulation from 64 % to 48 %, and that the increase of phosphatidicholine 
proportion leads to an increase of the degree of encapsulation, as described in literature (S.S. 
BIJU & al. [19], A. ORTAN & al. [20]). For identical formulations, the increase in the 
temperature during the hydration process produces an insignificant increase of the degree of 
encapsulation. 
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Table 3. The influence of the lipid composition and temperature during the hydration process on the entrapment 
efficiency 

 

Type of 
liposomes 

Encapsulate 
amount Ps(mg) 

(Th=200C) 

Degree of 
encapsulation 

(%) 

Encapsulate 
amount Ps (mg) 

(Th=200C) 

Degree of 
encapsulation 

(%) 
L1P 96.00 48.00 102 51.00 
L2P 109.50 54.75 114 57.00 
L3P 118.50 59.25 122.66 61.33 
L4P 128.00 64.00 133.40 66.70 

 
• The determination of liposome size and the evaluation of their stability 
 The results show that the vesicles are polydispersed, average size ranging from 230 to 

457 nm, the majority sizing between 300 and 380 nm (table 4). 
 

Table 4. Particle size of the obtained liposomes 
 

Formulation Average particle size (Th= 200C) 
nm± SD 

Average particle size (Th= 400C) 
nm± SD 

L1P 276 ± 0.098 283 ± 0.09 
L2P 293 ± 0.032 301 ± 0.098 
L3P 378 ± 0.07 382 ± 0.064 
L4P 413 ± 0.054 419 ± 0.082 

 
 The liposomal formulations were kept at 5± 1º C. The results show that the 

formulations were stable, with a very small loss of P (over 95 % of the encapsulated P 
remained in the liposomes), while the vesicle size has increased with 5 – 10 %. By 
corroborating the results from the determination of drug content with the stability tests, it can 
be concluded that an increase in the cholesterol percentage leads to an increase of the rigidity 
and stability of the liposomes. 

 The following table shows the efficiency of encapsulation during storage of the 
liposomes with the L3P formulation. 

 Considering the experimental results from the determination of the drug content and 
the stability of the liposomes, it can be concluded that the L3P formulation is the most 
suitable for the encapsulation of P. Although the entrapment efficiency of this formulation is 
smaller compared with the L4P formulation, its stability is superior, qualifying it as the 
optimal formulation for the P-loaded liposomes. 
 

Table 5. The recovered percentage of P in liposomal formulation during storage 

Percentage of encapsulated P Time elapsed from 
preparation MLV MLV (T) 

1 day 100 ± 0 100 ± 0 
7 days 100 ± 0.25 100 ± 0.30 

14 days 99 ± 0.95 98 ± 0.98 
30 days 97 ±1.20 98 ± 1.00 
45 days 96 ± 1.10 95 ± 1.65 
60 days 91 ± 2.35 90 ± 2.38 

 
Conclusions 

 
 In present study, an attempt was made to prepare forms with encapsulated 

pentoxifylline using biodegradable, biocompatible and non-toxic carriers. 
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 We have determined the optimal parameters for the preparation of P-loaded 
microspheres, which ensure the reproducibility of shape, size, content, structure and stability. 
By modeling the reticulation, in isothermal conditions, in glutaraldehyde vapors for various 
periods of time, we have ensured a pre-determined drug loading and an almost spherical shape 
of the microspheres after reticulation, a real advantage in the characterization processes that 
followed. 

 We have established the optimal formulation of the P-loaded liposomes using an 
experimental design matrix that lead to adequate size, entrapment efficiency and stability of 
the vesicles. Also, by studying the physicochemical properties (average size, size distribution, 
degree of encapsulation) and the stability, we have selected the L3P as optimal for the P-
loaded liposomes (the ratio between the amount of phospholipids used, the temperature 
during the hydration process, the volume of the hydration solution, the amount of P used). 
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