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 Introduction 

Vancomycin is a glycopeptide antibiotic that has been 

in clinical use for nearly 50 years to treat methicillin- 

resistant Staphylococcus aureus infections.
1
 It is water 

soluble, having a high molecular weight, and poorly 

absorbed after oral administration. It is well known that 

VCM, is very poorly absorbed from the GI tract, 

usually generating serum concentrations that are 

minimal or undetectable.
2-5

 VCM was very stable in the 

supernatant of intestinal mucosal homogenate and that 

its binding to gastric mucin. VCM exhibited a 

secretory-oriented manner in both the jejunum and 

ileum. known P-glycoprotein modulators, significantly 

enhanced the serosal -to- mucosal permeation of VCM. 

It was suggested that intestinal P-glycoprotein might be 

involved in the poor absorption of VCM from rat small 

intestine as a potent barrier.
6
 Nanoparticulate polymeric 

delivery systems have been investigated as a possible 

accessibility to increase the oral drug availability. 

Biodegradable particulate carrier systems are of interest 

as potential means for oral delivery to enhance drug 

absorption, improve bioavailability and targeting of 

therapeutic agents to specific organ,
7-10 

because it is  

nontoxic biodegradable polymer and well tolerated by 

the human body. Eudragit RS-100 is a polymer has 

been commonly employed for the preparation of 

controlled-release oral pharmaceutical dosage forms.
11

 

As Eudragit RS-100 is insoluble at physiological pH 

values, therefore it has been utilized as a good polymer 

for the preparation of pH-independent sustained-release 

formulations of drugs. Various non-biodegradable 

polymers with good biocompatibility such as Eudragit 

and ethyl cellulose were used in the preparation of 

nanospheres.
11

 The presence of a polymeric wall 

supplies a protection from the gastrointestinal 
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environment and may lengthen contact of nanospheres 

with the epithelium that may be enough to increase the 

bioavailability of certain drugs.
12-16

 In the present 

investigation, VCM was incorporated in Eudragit RS-

100 nanoparticles, with the aim of ameliorating 

intestinal permeability. Loading of VCM, a hydrophilic 

antibiotic, into RS-100 microparticles can be 

problematic owing to its high hydrophilicity . The most 

used technique to encapsulate hydrophilic molecules is 

the double (water-in-oil-in-water, W/O/W) 

emulsification method, followed by solvent 

extraction/evaporation.
17

 Aqueous solution of the 

hydrophilic compound is first emulsified in organic 

solution of the polymer. The primary emulsion is then 

poured into a large volume of water with or without 

surfactant. The double emulsion technique has fairly 

good encapsulation efficiency for hydrophilic 

compounds; however, particle size is usually larger 

than with single emulsion technique.
18

 Multiple 

emulsions of the W/O/W type are excellent candidates 

for controlled and sustained release of hydrophilic 

drugs due to the existence of a middle oil layer that 

accomplishes as a liquid membrane.
19

 

However, there have been no reports on preparing 

VCM nanoparticles using  RS-100  and assessing their 

intestinal permeability. One of the most used classic 

techniques in the study of intestinal absorption of 

compounds has been the single-pass intestinal 

perfusion (SPIP) model, which provides experimental 

conditions nearer to what is encountered following oral 

administration.
12-16

 SPIP is the most used classic 

technique employed in the study of intestinal 

absorption of compounds in which a non-absorbable 

marker such as phenol red is used to adjust the water 

flux.
20

 SPIP proposes a simple and relevant method of 

permeability evaluation and coordinates very much 

with the true absorption properties in human beings.
21

 

The applicability of the method is assessed by testing 

the physiological function of the rat intestine during 

perfusions. This technique has lower delicacy to pH 

variations and it maintains an intact blood supply to the 

intestine.
12-16

 The objective of this study was improving 

intestinal permeation. It sounds alternative formulations 

are needed to extend the time over which the VCM 

intestinal level remains high enough and therefore 

enhance the oral performance of this suitable antibiotic. 

Reversed-phase high performance liquid 

chromatography (HPLC) is the  most credible approach 

to the assay.
22

 In this study, we identified Peff and oral 

fractional absorption (Fa) of VCM in the rat intestine. 

 

Materials and Methods 

Materials 

Vanko
®
 was obtained from Jaberebnehyan 

Pharmaceutical Company, Iran. Eudragit RS-100 was 

purchased from RÖhm Pharma GMBh, Weiterstadt, 

Germany. Poly vinyl alcohol (PVA) with molecular 

weight of 95000 Da was provided byAcros Organics, 

Geel, Belgium. Dichloromethane, methanol, glacial 

acetic acid, triethanolamine, hydrochloric acid, 

potassium chloride, acetone, sodium chloride, sodium 

hydrogen phosphate (dibasic), potassium dihydrogen 

phosphate were received from Merck, Darmstadt, 

Germany. Dialysis bag (10,000 Da) for invitro release 

studies was procured from Biogene (Mashhad, Iran). 

Male Wistar rats were purchased from the animal house 

of Tabriz University of Medical Sciences. All other 

reagents used were analytical grade. 

 

Preparation of nanoparticles 

VCM- Eudragit RS100 nanoparticles were prepared by 

the W1/O/W2 modified solvent evaporation method  

Using different ratios of drug to polymer (1:1, 1: 2 and 

1: 3). Briefly, 5 ml of aqueous internal phase was 

emulsified for 120 s in 20 ml of methylene chloride 

(containing 100, 200 and 300 mg Eudragit RS-100) 

using homogenizer with 24000 rpm.  This primary 

emulsion was added into 25 ml of a 0.2% PVA aqueous 

solution while stirring using a homogenizer for 3 min, 

immersed in an ice water bath, to create the water in 

oil-in-water emulsion. Approximately five ml of NP 

suspension was prepared after solvent evaporation 

under reduced pressure (Evaporator, Heidolph, USA). 

Nanoparticles were separated from the bulk suspension 

by centrifugation (Hettich universal 320R, USA) at 

21,460×g for 20 min. The supernatant was kept for 

drug assay as described later and the precipitated 

nanoparticles were collected by filtration and washed 

with three portions of 30 ml of water and were 

redispersed in 5 ml of purified water before freeze-

drying. After lyophilization, the dried nanoparticles 

were resuspended in 50 ml of Phosphate buffered saline 

(PBS)12hrs before perfusion. Blank nanoparticles 

(without drug) were prepared under the same 

conditions without drug.
23,24

 

 

Nanoparticle size  
A laser light scattering particle size analyzer (SALD-

2101, Shimadzu, Japan) was used to determine the 

particle size of the drug, polymer and nanoparticulate 

formulations. Samples were suspended in distilled 

water (nanoparticles and polymer) or acetone (drug) in 

a 10 cm cuvette and stirred continuously during the 

particle size analysis.  

 

Zeta potential measurement  
The zeta potential of a nanoparticle is commonly used 

to characterise the surface charge property of 

nanoparticles. It shows the electrical potential of 

particles is influenced by the composition of the 

particle and the medium in which it is dispersed. 

Currently principal technique involved in zeta potential 

determination is laser doppler anemometry. 

Nanoparticles with a zeta potential above (+/-) 30 mV 

have been shown to be stable in suspension, as the 

surface charge prohibits aggregation of the particles.
25

 

These might result in stronger repulsive interactions 
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among the particles, and hence, higher stability of the 

particles is achieved.
26

 The zeta potential can also be 

used to determine whether a charged active material is 

encapsulated within the centre of the nanocapsule or 

adsorbed onto the surface.
25

 Zeta potential was 

measured by Zetasizer (Malvern instruments, England). 

The samples were diluted with 0.1 mM NaCl solution 

at a series of pH values in order to maintain a constant 

ionic strength and measured in automatic mode. Each 

sample was repeated measured three times and the 

values reported were the mean value for two replicate 

samples. Zeta potential is an important consideration, 

since membranes often bear (negative) surface charge. 

Therefore, to enhance the particle cellular uptake, the 

surface of particles might be adjusted by positively 

charged surface functional groups.
25

 Zeta potential 

measurement is made to optimize formulation 

parameters and to make predictions regarding the 

storage stability of the colloidal dispersion.
28

  

 

Determination of drug loading (DL), encapsulation 

efficiency (EE) and production yields (PY) 

DL can be done by two methods: 

• Incorporating at the time of nanoparticles production 

(incorporation method)  

• Absorbing the drug after formation of nanoparticles 

by incubating the carrier with a concentrated drug 

solution (adsorption /absorption technique).
29

 For 

determinating of DL, freeze-dried nanoparticles was 

dissolved in a known volume of methanol.The amount 

of VCM was quantified by measuring the absorbance at 

279.6nm . Another method for determining of DL is 

measuring the amount of non-entrapped VCM in the 

external aqueous solution. The results of these two 

methods were consistent. Ideally, a successful 

nanoparticulate system should have a high DL capacity 

thereby reduce the quantity of matrix materials for 

administration.
29

 DL and EE very much depend on the 

solid-state drug solubility in matrix material or polymer 

(solid dissolution or dispersion), which is related to the 

polymer composition, the molecular weight, the drug 

polymer interaction and the presence of endfunctional 

groups (ester or carboxyl).
30-32 

The EE of VCM in RS-

100 nanoparticles was determined 

spectrophotometrically (UV-160, Shimadzu, Japan) at 

280.2 nm by measuring the amount of non-entrapped 

VCM in the external aqueous solution (indirect 

method) before freeze-drying. The external aqueous 

solution was procured after centrifugation of the 

colloidal suspension for 20 min at 21,460×g at 25
o
C. A 

standard calibration curve was plotted with the VCM 

solution (aqueous solution of 0.2% PVA). The EE (%) 

was calculated according to the following equation: 

 

 

encapsulation efficiency (%) = (actual drug content in 

nanoparticles/theoretical drug content) × 100. 

 

 

Independently of the drug-to-polymer weight ratio, the 

PY % (expressed as practical mass *100/Theoretical 

mass(polymer+drug) ) are relatively high.
33

 All of the 

experiments were performed in triplicate. 

 

X-ray diffraction, Infrared spectroscopy and 

differential scanning calorimetry (DSC) studies 

Powder X-ray diffraction (XRD) patterns of the pure 

drug and polymer and also nanoparticles were obtained 

using an X-ray diffractometer (Siemens D5000, 

Munich, Germany) equipped with a graphite crystal 

monochromator (CuKα) (a voltage of 40 KV and a 

current of 20 mA) as X-ray source to observe the 

physical state of the drug in the microspheres. The 

scanning rate was 6°/min over the range of 5-70° and 

with an interval of 0.02°. FTIR spectra were recorded 

to assess the compatibility of the drug and polymer.
34

 

The infrared (IR) spectra of VCM powder, physical 

mixture of drug and polymer, and prepared 

nanoparticles were recorded on an IR-

spectrophotometer(range 450-4000 cm
-1

)  

(BomemHartmann & Brann, Canada) by the KBr pellet 

technique. Samples were prepared in KBr disks (2 mg 

sample in 20 mg KBr). Sample analysis were carried 

out by the E2 OMNIC software for analysis. With 

reasonable intensity, the spectrum was saved for further 

analysis at 1 cm
-1

 resolution. Differential scanning 

calorimetry (DSC) was employed to identify any 

changes in the thermal behavior of VCM nanoparticles 

compared to original materials. DSC was also used to 

study the thermal behavior of the granules of the raw 

material and the film of polymers.
35

 DSC analysis was 

performed using a DSC-60 calorimeter (Shimadzu, 

Japan). The instrument was equipped with a TA-60WS 

thermal analyzer, FC-60A flow controller and TA-60 

software. Samples of VCM, polymer, physical mixture 

and agglomerates were located in an aluminum crucible 

and were heated ranging 25-300 °C at a scanning rate 

of 10 °C/min under a nitrogen atmosphere. A similar 

pan contain indium was used as reference. 

 

Dissolution study 

The in vitro release of the drug from the polymeric 

nanoparticles was studied by the dialysis bag diffusion 

technique and under sink conditions for all 

nanoparticles formulations. The dialysis bag retained 

nanoparticles and allow the diffusion of the drug 

immediately into the recipient compartment.
36

 A set 

amount of nanoparticles (20 mg drug) was added to 

200 ml dissolution medium (PBS, pH 7.4), an in vitro 

dissolution medium imitates the pH and salt 

concentrations in the body, preheated and maintained at 

37±1 °C in a water bath, then stirred at 100 rpm. Then 

3 ml of the medium were withdrawn at preset times by 

an automatic sampling system (Erweka DT 70, Erweka 

GmbH, Heusenstamm, Germany), (0.5, 1, 2, 3, 4, 5, 6, 

8, 12 and 24 hrs). Each sample was centrifuged at 

21,460×g for 10 min. An equal volume of fresh 

medium was added after each sampling. The amount of 
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VCM in the release medium was determined by UV at 

279.8 nm.
37

 Each experiment was performed in 

triplicate. 

 

Calibration curve 

Accurately weighed quantities of VCM hydrochloride 

were dissolved in a PBS, pH 7.4 to acquire solutions 

with known concentrations in the range of 31.25–

500g/ml. The spectra of these solutions were 

registered against the same medium, and absorption 

was measured in the 279.8 nm by spectrophotometer. 

Each experiment was performed in triplicate, After that 

the calibration graph was plotted. 

 

Perfusion solution 

The perfusion solution was prepared by dissolving 7g 

NaCl, 0.2g KCl, 1.44 g Na2HPO4(anhydrous) and 

0.24g KH2PO4 in one liter of distilled water. The pH of 

prepared PBS was 7.4. preparatory experiments showed 

that there was no considerable adsorption of the 

compounds on the tubing and syringe. Primary stock 

solution of drug, phenol red and nanoparticles was 

prepared in PBS.
15

 Then it was diluted to 200-400μg/ml 

to make a working solution and standards for 

calibration curves and quality control samples were 

prepared using serial dilution of working solution in 

PBS. This range was selected based on the 

concentration that were going to used in animal studies. 
All standards were freshly prepared for every study. 

 

In situ permeation studies 

Adult male Wistar rats (200-250 g) were housed in air 

conditioned. Rats were maintained on 12 h light- dark 

cycle and fasted 12-18 h before experiment. However 

drinking water was accessible. Rats were divided into 

control and test groups. In each group three 

concentration levels of VCM (200, 300 and 400 μ g 

/ml) were used in separate experiments. Rats were 

anaesthetized using an intraperitoneal injection of 

pentobarbital (50 mg/kg) and placed on a heated pad to 

keep normal body temperature. A small midline cut 

was made in the abdomen and a 10 cm section of the 

small intestine was identified and cannulated. Care was 

taken to handle the small intestine gently and to 

minimize the surgery in order to maintain an intact 

blood reserve. The entire surgical area was then 

covered with Parafilm to reduce evaporation. Blank 

perfusion buffer was infused for 10 min by a syringe 

pump (Palmer, England) followed by perfusion of 

different concentrations (200, 300, 400 μ g/ml) of 

VCM (prepared from its powder or its nanoparticles) at 

a flow rate of 0.2 ml/min for 80 min. Outlet samples 

were collected at appropriate intervals (40, 50, 60, 70, 

80 min with half hour lag time for balance) in 

microtubes. The volume of sample for each time 

interval was 2 ml. When the experiment was 

completed, the length of segment was measured and the 

animal was euthanatized with a cardiac injection of 

overdose of sodium pentobarbital. Samples were stored 

at -20 °C until analysis. Samples from perfusion study 

were filtered and directly injected onto HPLC column. 

Effective permeability coefficients (Peff) were 

calculated from the steady-state concentrations of 

compounds in the collected perfusate, which is 

considered to be reached when the concentration level 

of phenol red was at the steady state level. It was 

reached about 30 min after the beginning of the 

perfusion, which is approved by plotting the ratio of the 

outlet to inlet concentrations (corrected for water 

transport) versus time. The intestinal net water flux 

(NWF, μ l/h/cm) was calculated according to following 

equation: 

 

NWF= Qin(1-(Ph.redout/Ph.redin))/l 

 

Where  (Ph.red(in)) and (Ph.red(out)) are the inlet and 

outlet concentrations of phenol red. A negative net 

water flux showes loss of fluid from the lumen to the 

serosal side. A positive net water flux indicates 

secretion of fluid into the segment.
38

 Peff was calculated 

using the following equation according to the parallel 

tube model: 

 

Peff = -Qln(Cout/Cin)/2πrℓ 

 

In which Cin is the inlet concentration and Cout is the 

outlet concentration of compound which is corrected 

for volume change in segment using phenol red 

concentration in inlet and outlet tubing. Q is the flow 

rate (0.2 ml/min), r is the rat intestinal radius (0.18 cm) 

and ℓ is the length of the segment. 
39

 In all animal 

studies ―Guide to the care and use of experimental 

animals‖ by Canadian Council on Animal Care, was 

followed. 
40 The Peff for passively absorbed compounds 

is on average 3.6 times higher in humans compared to 

rats. Solutes with carrier-mediated absorption deviate 

from this relationship, which indicates that an absolute 

scaling of active processes from animal to man is 

difficult, and therefore needs further investigation. The 

oral fractional absorption of drugs after oral 

administration in humans (fa) can be estimated from 

this equation: 

 

Fa=1 – e
– ( 2.P eff,man .tres /r.f  )

 

 
Where tres and r are the average small intestinal transit 

time and radius in humans, and are assumed to be 3 hrs 

and 1.75cm, respectively. The relationship between our 

human Peff and Fa (from in vivo pharmacokinetic 
studies), expressed as correction factor f was 

determined by non- linear regression. The f-value was 

then used for simulation and prediction of Fa in vivo in 

man. The f is approximately 2.8.
38

 

 
Chromatographic conditions 

Perfusion samples were analyzed using a modified 

reversed-phase high performance liquid 

chromatography (RP-HPLC) method. Reverse-phase 
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HPLC was achieved at room temperature. HPLC 

system containing an autosampler (Hewlett-Packard 

1050 Series), quaternary pump thermostat, variable-

wavelength UV–Vis spectrophotometer detector (all 

from Hewlett-Packard, Waldbronn, Germany). The 

analytical methodology was demonstrated for 

specificity, accuracy, precision and sensitivity. 

Wavelength ultraviolet spectrophotometric detector 

(Knauersmartline 2500) set at 430 nm and 254 nm for 

phenol red and VCM, respectively. EZChrom Elite 

version 2.1.7 was used for data attainment, data 

reporting and analysis. The mobile phase for VCM 

analysis consisted of 30% (v/v) methanol and 70% 

(v/v) of glacial acetic acid aqueous solution (0.75%) 

adjusted to pH 5.5. For phenol red analysis the mobile 

phase consisted of 45% (v/v) KH2PO4 0.05 M and 

55% (v/v) methanol adjusted with triethanol amine to 

pH 2.6. The mobile phases were filtered with a 0.45 

mm pore size cellulose membrane filter, and degassed 

before use. Analytical column used for 

chromatographic separations was packed with 

Adsorbosil ODS C18 (250 × 4.6 mm) 5 µm with 

precolumn. 20 μl of samples or calibration standards 

were injected directly onto the column and were eluted 

with a gradient consisting of phosphate buffer. Until 

termination of the run at 20 min, the flow rate was 1 

ml/min. The system was equilibrated for 20 min under 

the starting conditions before injecting the next sample. 

Under the mentioned conditions the retention times for 

VCM and phenol red were 5 min and 13.8 min, 

respectively.  Runs contained quality control samples 

(QC) at three concentrations levels. Calibration curves 

were acquired by plotting the phenol red and VCM 

peak area against their concentrations in standard 

solutions.
41,42

 Each determination was carried out in 

triplicate (SD within 0.09). 

 

Results  

Micromeritics properties 

Encapsulation efficiencies of VCM nanoparticles are 

reported in Table 1. It is evident from Table 1 that the 

encapsulation efficiency was affected by the ratio of 

drug:polymer. Mean particle diameter and production 

yield of the different nanoparticles are also shown in 

Table 1. The encapsulation efficiency of the drug 

depended on the solubility of the drug in the solvent 

and continuous phase. Youan & et al. have been 

reported Similar observation. VCM is insoluble in 

organic solvents used to dissolve the polymer and thus 

cannot migrate from the internal into the external 

aqueous phase via diffusion through the organic 

polymer solution. Entrapment efficiency of 

polypeptides was increased by enhancing the viscosity 

creators.
43

 Despite the hydrosolubility of VCM, 

favoring the leakage of the drug into the external 

aqueous phase, entrapment efficiencies were rather 

high. It is assumed that VCM is localized at the 

interfaces (either internal water in oil or external oil in 

water). Therefore a considerable amount of drug is 

supposed to be adsorbed at the outer surface. In 

addition, the elimination of the organic solvent under 

reduced pressure favors its fast evaporation followed 

by the polymer precipitation, thus reducing the 

movement of the drug to the external phase. At the 

ratio of drug to polymer 1:3 the amount of drug 

entrapment was 23.69% which was very near to the 

theoretical value (25%). 

The particle size data show that prepared nanoparticles 

were of submicron size and of small polydispersity, 

which indicated a relatively narrow particle size 

distribution. An increase in particle size from 362 nm 

to 499 nm with a decrease in the theoretical drug 

loading was also observed (Table 1). As it can be seen, 

the particles size are increased with increasing polymer 

amount.
44,45

 When the dispersed phase with higher 

viscosity was poured into the dispersion medium, 

bigger droplets were formed with larger mean particle 

size. It has also been reported that the particle size 

increases with increasing the content in hydrophobic 

polymer. It can be assigned to that fact that with the 

higher diffusion rate of non-solvent to polymer solution 

the smaller size of nanocapsules is easily obtained.
46

 A 

volume-based size distribution of drug, polymer, and 

drug-loaded nanoparticles indicated a log–probability 

distribution. The increase in drug content of the 

nanoparticles with increased theoretical drug loading 

has emerged in the decreased particle sizes displayed 

(p<0.05).  

 

Table 1.Effect of drug: polymer ratio on drug loading efficiency, production yield, particle size zeta potential and polydispersity index of 
vancomycin nanoparticles 

Formulation 

code 

Drug: 

polymer 

ratios 

Production 

yield 

(%±SD) 

Theoretical 

drug 

Content 

(%) 

Mean drug 

Entrapped 

(%±SD) 

Drug 

loading 

efficiency 

(%±SD) 

Mean 

particle 

Size 

(nm±SD) 

Zeta 

Potential 

(mV±SD) 

Polydispersity 

Index 

(PDI) 

F1 1:1 96.38 ±1.65 50 30.25 ±1.04 63 ± 2.19 362±29.26 18.1±8.82 0.0099 

F2 1:2 97.84 ±1.54 33.33 29.79 ±1.12 89.37±2.36 430±31.94 25.7±9.72 0.0055 

F3 1:3 98.35 ±1.87 25 23.69 ±1.02 94.76± 1.95 499 ± 110 24.1±7.17 0.0034 
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The average yield of 97% is in the normal range does 

not indicate any unexpected vanishment of products. 

Zeta potential is the potential difference the dispersion 

medium and stationary layer of fluid attached to the 

dispersed particles. The significance of zeta potential is 

that its value can be pertained to the stability of 

colloidal dispersion.
28

 The zeta potential indicates the 

degree of repulsion between near, similarly charged 

particles in dispersion. As to the zeta potential, the 

larger its absolute value is, the more likely the 

suspension is to be stable, since the charged particles 

repel one another and thus defeat their natural tendency 

to aggregate.
47

 The zeta potential measurements 

showed posetively-charged particle surfaces, varying 

from 18.1 to 25.7mV. Drug-loaded nanoparticle 

indicated positive charge, because VCM is cationic 

drug and changed the charge of nanoparticles. All the 

gained values were then acceptable and favoring a good 

stability. The zeta potential of three nanosphere 

formulations is shown in Table 1. Blank nanoparticles 

like nanoparticles had a positive charge (15.7 mV).  

 

DSC Analysis 

DSC was employed to study the crystallinity of 

nanoparticles. DSC studies were carried out to confirm 

compatibility.
48

 The thermal behavior of drugs, 

physical mixture of drug and polymer, and 

formulations was studied. Any sudden or forceful 

change in the thermal behavior of the drug or polymer 

may indicate a possible drug-polymer interaction.
49

 The 

endothermic peak of the pure drug was observed at 

about 82.10°C (Figure 1) and Eudragit RS100 showed 

an amorphous state. The physical mixture of VCM and 

RS100 showed nearly the same thermal behavior as the 

individual components, indicating that there was no 

interaction between the drug and the polymer in the 

solid state. Indeed, in the thermogram of the 

nanoparticles containing Eudragit RS, there was 

endothermic peak at 219.92°C which accords to the 

melting point of drug in the nanoparticles. In the DSC 

curve of physical mixture of drug and polymer, and 

formulations F1, F2 and F3, the characteristic peaks of 

drug were observed. The results showed that there is no 

incompatibility between drug and polymers. 

 

Powder X-ray diffractometry 

XRPD is a powerful tool to identify any changes in 

crystallinity of drug (polymorphism).
50

 Comparison of 

the X-ray diffraction patterns of VCM and 

nanoparticles prepared with RS-100 (Figure 2) showed 

no remarkable reduction in the peak intensities, 

suggesting that the expanse of VCM crystallinity was 

not reduced by the polymer. The X-ray diffraction 

patterns of pure drug and Eudragit RS showed that the 

pure drug is crystalline in nature (Figure 2). As shown 

in Figure 2, Eudragit RS100 is a typical form of 

amorphous materials, whereas the pure drug showed 

the diffractographic profile of a crystalline material. 

When the nanoparticles were prepared with different 

polymer/drug ratios (F1, F2 and F3) it is clear that the 

nanoparticles with lower polymer concentration 

showed similar peaks as the blank nanoparticles. At 

high concentration of polymer and low concentration of 

drug some of the distinguishing peaks for VCM are 

detectable but with very low intensity due to the 

presence of lower concentration of drug in the sample 

in comparison with pure VCM sample. This confirms 

the results obtained from DSC. 

 

 
Figure 1. DSC thermogram of the VCM; RS100; PVA; physical mixture F2; blank 

nanoparticles, VCM nanoparticles formulations as F1, F2 and F3. 
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Figure 2. X-ray diffraction a) VCM; b) RS100; c) Physical Mixture F2; d) blank nanoparticles;  

e) VCM : RS100 (1:1); f) VCM : RS100 (1:2); g) VCM RS100 (1:3). 

 

FTIR Studies 

The FTIR spectra of VCM, VCM-loaded RS-100 

nanoparticles, physical mixture F2 (1:1), and the 

individual components are portrayed in Figure 3. The 

FTIR of VCM showed phenolic OH at 3257.39 cm
-1

, 

aromatic C=C stretching at 1652.7 cm
−1

 and C=O 

stretching at 1503.48 cm
-1

. The peaks in the range 

between  2800 and  3100cm
-1

 pertain to the C—H 

stretching bands, the peak in the range between 1650 

and 1800cm
-1

 is due to the C=O stretching vibrational 

groups, and the peak in the range between 1350 and 

900 cm
-1

 corresponds to the C—O stretching vibration 

mode.  The peaks within 2950–3000 cm
-1

 assigned to 

the stretching vibrations of CH2 and CH3, the peak at 

1763 cm
-1

 conforms the C=O ester vibration, and the 

peak at 1153 cm
-1

 is fitted with the C—O ester 

vibration, respectively. Eudragit RS-100 has C=O 

stretching band at 1734.2 cm
-1

. Nanoparticles F1, F2 

and F3 have C=O stretching band at 1731.2, 1733.7, 

1733.96 cm
-1

, respectively (Figure 3). After VCM was 

encapsulated into the nanoparticles, the characteristic 

peaks for VCM showed by the stronger intensity peaks 

for of matrix materials. On the other hand, the C=O  

stretching bands of VCM in polymeric systems were 

merged, thus leading to a peak shifting from 1731.2 

cm
-1

 to 1733.96 cm
-1

.
51

 The bands observed for 

nanoparticles spectrum showed similar unique peaks 

but with smaller intensity due to low concentration of 

drug in nanoparticles. No differences in the positions of 

the absorption bands were observed in spectra of the 

VCM physical mixture with RS-100, indicating that 

there are no chemical interactions in the solid state 

between the drug and the polymer. This suggests that 

there was no new chemical bond constructed between 

these functional groups in the drug and the polymer 

after preparing the nanoparticles and the results 

confirmed that the drug is physically dispersed in the 

polymer. FTIR investigations confirmed the 

compatibility of VCM and RS100. 

 

In vitro release study 

The mean cumulative release (%) versus time curves is 

shown in Figure 4. The rate of dissolution of physical 

mixture is quite fast, and more than 96% drug is 

dissolved in about 30 min and 100% by 60 min. The 

drug release from the nanoparticles manifested to have 

two components with an immediate release of about 

10.78-12.27% at the first sampling time of 30 min. This 

was followed by a slower exponential release of the 

remaining drug over the next 6-8 h. The in vitro VCM 

release profiles from drug-loaded nanoparticles are also 

illustrated in Figure 4. Furthermore, Figure 4 clearly 

presentes that the rate of drug release from the 

nanoparticles depended on the polymer concentration 

in the system. A similar relationship was observed 

between polymer content and drug release rate from 

prepared nanoparticles. By decreasing the 

concentration of the polymer in the system, an increase 

was shown in the release rate of VCM. The difference 

was also not significant (p > 0.05) for 0.5 or 24 h. It is 

offered that a reduced diffusion path and increased 

tortuosity may have retarded the drug release rate from 

the matrix at the presence of polymer matrix.  
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Figure 3. FTIR spectrum; a) RS100; b) VCM; c) Physical Mixture F2; d) blank nanoparticles;  

e) VCM : RS100 (1:1), f) VCM : RS100 (1:2), g) VCM : RS100 (1:3). 

 

 

Figure4. Cumulative percent release of VCM nanoparticles prepared with different drug-to-polymer ratio and physical mixture F2. 
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Nanoparticles containing 1:1 (F1) released the drug 

more rapidly, wherease F3 exhibited a relatively slower 

drug release profile. F1, F2 and F3 nanoparticles showed 

higher dissolution efficiency of 81.44, 76. 25 and 66. 

37%, respectively. Physical mixture of drug and 

polymer exhibited higher release in comparison with 

microspheres (p< 0.05) (Table 2 & Figure 4). The 

presence of Eudragit RS100 in the matrix of 

nanoparticles caused a slower and more advancing 

release of VCM during the time of the experiment.
52

  

The lowest dissolution efficiency was showed for F3 

(66. 37%) and dissolution efficiency of the physical 

mixture was 98.03% (p< 0.05). The value of t50% varies 

between 2.24 (F2 formulation) to 4.85 h (F3 

formulation). The results of difference factor (f2) 

observed that there is no similarity between the release 

profiles of nanoparticle formulations and physical 

mixture (Table 2). The in vitro release profiles were 

fitted to various kinetic models (Higuchi, first-order, 

zero-order, Peppas, Hixson crowell, square root of 

mass, three second root of mass, weibull, linear 

probability and log- probability) in order to determine 

the mechanism of drug release.
23

 The dissolution rate 

constants were calculated from the slope of the 

respective plots and high correlation was observed for 

the Peppas models (Table 3). The data obtained were 

also put in Korsemeyer-Peppas model in order to find 

out n value, which particularizes the drug release 

mechanism. The n value of nanospheres of different 

drug to polymer ratio was between 0.392-0.569, 

indicating that the mechanism of the drug release were 

diffusion controlled.  

 
Table 2.Comparison of various release characteristics of vancomycin from different nanoparticle formulations and physical mixture 

Formulation 
a
t 50%

 
(h) 

b
DE 

c
Q0.5 

d
Q24 

Difference Factor 

(f1) 

F1 3.25 81.44 11.44±0.99 95.03±2.17 38.11 

F2 2.24 76.25 12.27±1.25 88.27±0.77 40.52 

F3 4.85 66.37 9.95±0.49 82.23±0.78 52.55 

Physical mixture 0.26 98.03 96.10±0.43 98.70±0.52 0.04 

a
dissolution time for 50% fractions. 

b
Dissolution Efficiency. 

c
amount of drug release after 0.5h.

d
 amount of drug release after 24h 

Intestinal permeability and oral fractional absorption 

data 

In any in situ intestinal perfusion technique it is 

necessary to determine the magnitude of volume 

changes of the solution in the gut lumen during an 

experiment. For this purpose phenol red dye (200 µ 

g/ml) was added to drug solution in each experiment. 

Phenol red was used as a non-absorbable marker to 

detect gain or loss of water by the lumen. The 

determined mean Peff values for different 

concentrations of vancomycin and its nanoparticles in 

PBS, oral fractional absorption and also the mean net 

water fluxes in the SPIP technique are listed in Table 4. 

 

Discussion 

The organic phase (O) behaves as a barrier between the 

two aqueous compartments. To control the methylene 

chloride elimination time and rate, we used a rotary 

evaporator method. Thus, the transfer of the drug into 

the external phase (W2) was hampered. The particle 

formation itself is based on coacervation. The solvent is 

extracted from the polymer containing organic phase 

because of its initial diffusion into the continuous W2 

phase, motivating phase separation of the polymer. The 

organic solvent is eliminated by two steps; firstly by 

extraction and secondly by evaporation. In general, the 

solvent removal rate directly affects the encapsulation 

efficiency of a drug
53, 54

 because the slow membrane 

formation rate may reduce the encapsulation efficiency 

as a result of improving the chances of drug molecules 

to be diffused out from the inner W1 phase to outer W2 

water phase.
54,55

 It is deduced that rapid membrane 

formation is an important criterion preventing the 

leakage of VCM to the W2 phase. Generally, PVA is 

used as a surfactant in the W1/O/W2 emulsion method 

to comprise it onto the surface of RS-100 particles, 

thereby lowering the surface tension between the RS-

100  surface and the W2 phase.
54,56

 However, because 

PVA cannot be washed away absolutely, it remains on 

the surface of RS-100.
54,57

 PVA concentration in the 

external water phase is known to be a important factor 

to influence the size of nanoparticles.
43

 The low drug 

incorporation efficiency may be ascribed to the water 

soluble nature of VCM hydrochloride. This led to its 

rapid partitioning into the aqueous phase and 

accordingly decreased entrapment into the 

nanoparticles during polymer deposition. The 

decreased drug entrapment with increasing theoretical 

drug loadings is due to an enhanced drug exudation 

into the aqueous phase at high loadings. 
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Table 3.Fitting parameters of the in vitro release data to various release kinetic models for nanoparticles 

 

F1 

ORDER RSQ Slope intercept MPE% K 

Zero order 0.627 0.036 0.341 3.1E+14 0.036 

First  order 0.891 -0.152 -0.314 2.5E+14 -0.152 

Second  order 0.950 1.320 -2.217 1.7E+15 1.320 

Higuchi 0.876 0.220 0.103 9.3E+13 0.220 

Peppas (Power Low) 0.999 0.569 -1.404 15.8656 1.767 

Hixson-Crowell 0.816 0.029 0.122 2.9E+14 0.029 

Square root of mass 0.770 0.034 0.184 3E+14 0.034 

Three-seconds root of mass 0.722 0.036 0.242 30.1957 0.036 

weibull 0.998 0.583 -0.857 15.6951 0.230 

Linear-probability 0.323 0.197 -1.446 5.5E+13 0.197 

Logarithmic-probability 0.911 0.160 0.198 59.8762 0.160 

 

F2 

Zero order 0.543 0.034 0.335 3046748 0.034 

First  order 0.714 -0.094 -0.459 3344353 -0.094 

Second  order 0.855 0.353 0.497 3018450 0.353 

Higuchi 0.819 0.212 0.098 889793 0.212 

Peppas (Power Low) 0.995 0.393 -1.218 32.3218 1.481 

Hixson-Crowell 0.656 0.022 0.138 3271499 0.022 

Square root of mass 0.627 0.027 0.197 3222189 0.027 

Three-seconds root of mass 0.598 0.031 0.248 3167227 0.031 

weibull 0.986 0.410 -0.744 33.1694 0.163 

Linear-probability 0.339 0.142 -1.043 1349436 0.142 

Logarithmic-probability 0.868 0.155 0.066 61.8763 0.155 

 

F3 

Zero order 0.686 0.034 0.226 2054809 0.034 

First  order 0.834 -0.077 -0.238 1926127 -0.077 

Second  order 0.925 0.213 0.102 841078 0.213 

Higuchi 0.905 0.199 0.016 149265 0.199 

Peppas (Power Low) 0.994 0.414 -1.515 30.4708 1.512 

Hixson-Crowell 0.788 0.019 0.080 2014231 0.019 

Square root of mass 0.763 0.025 0.119 2037665 0.025 

Three-seconds root of mass 0.738 0.029 0.157 2050986 0.029 

weibull 0.986 0.427 -1.179 34.4088 0.063 

Linear-probability 0.377 0.139 -1.359 791204 0.139 

Logarithmic-probability 0.871 0.155 -0.301 66.9204 0.155 

Physical 

mixture 

Zero order 0.081 0.012 0.828 7526441 0.012 

First  order 0.016 0.072 -6.560 9078026 0.072 

Second  order 0.042 -8796.400 153390.990 9090842 -8796.367 

Higuchi 0.261 0.112 0.669 6082596 0.112 

Peppas (Power Low) 0.982 0.508 -0.724 25.1718 1.662 

Hixson-Crowell 0.032 0.007 0.722 8895392 0.007 

Square root of mass 0.060 0.010 0.781 8656034 0.010 

Three-seconds root of mass 0.074 0.011 0.808 8326018 0.011 

weibull 0.973 0.574 0.991 4.88962 5.616 

Linear-probability 0.022 0.053 1.901 8830365 0.053 

Logarithmic-probability 0.837 0.281 2.517 10.1867 0.281 
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Table 4. Permeability coefficients and oral fractional absorption determined in rats for test and control groups 

Group Cin 
Mean Puff 

(×10
5
 cm/sec) 

Oral fractional 

absorption 

Mean NWF 

(ml/min/cm) 

Control 

200 6.11(± 2.66) 0.37(± 0.17) 0.0003(± 0.0002)- 

300 3.87(± 2.45) 0.53(± 0.09) 0.0006(± 0.0003) 

400 2.54 (± 1.64) 0.28(± .012) 0.0004(± 0.0001) 

Test 

200 17.88 (± 2.61) 0.45(± 0.15)  0.0005(± 0.0002)- 

300 16.63(± 2.98) 0.77(± 0.13) 0.0004(± 0.0002) 

400 15.75(± 4.47) 0.42(± 0.20) -0.0006(± 0.0003) 

 
 
Zeta potential results (Table 1) showed that drug-

loaded formulations carried a positive charge, which 

assists particle stability because the repulsive forces 

prevent aggregation with aging. It has been reported 

that the positive charge of RS-100 nanoparticles is due 

to positive charge of VCM,.
58

 because VCM is cationic 

drug and changed the charge of nanoparticles. Drug-

free RS-100  nanoparticles had a positive surface 

charge of 15. 7 mV, which can be attributed to the 

presence of carboxyl groups and quaternary ammonium 

of the polymer on the nanoparticles.
30

 Zeta potential 

measurements showed a insignificant increase in 

positivity (from 18.1 mV to 25.7 mV) with an decrease 

in theoretical drug loadings. These findings are 

concuring to what was expected, for instance a 

decrease in the surface positivity due to interaction of 

carboxyl groups and the cationic drug on the particle 

surface. The increase in nanoparticle size with 

decreases in the theoretical drug loading of VCM 

(Table 1) may possibly have influenced the surface 

charge of the RS-100  nanoparticles.
59

 From the data it 

is obvious that all the formulations are almost unstable 

in the colloidal state. This indicates that the particles 

should not be stored in a liquid suspension form and 

rather they should be stored in a lyophilized state.
59

The 

rapid initial release of VCM was probably due to the 

drug which was adsorbed or near to the surface of the 

nanoparticles and the large surface to volume ratio of 

nanoparticle geometry because of their size. 
30

 It may 

also be due to the water soluble nature of VCM. The 

exponential delayed release may be attributed to 

diffusion of the dissolved drug within the RS-100 core 

of the nanoparticle into the dissolution medium. 

Similar observations were reported by other researchers 

working.
 60,61 

Loading of VCM into the nanoparticles 

prompts to a modification of in vitro drug release, 

depending on their combination . The data obtained 

were also put in Korsemeyer-Peppas model in order to 

perceive the n value, which describes the drug release 

mechanism. The n value of nanospheres of different 

drug:polymer ratio was between 0.39-0.56, indicating 

that the drug release was diffusion controlled (Table 3). 

On the other hand, from the acquired results in rats it is 

demonstrated that the intestinal permeability oral 

fractional absorption of VCM is significantly increased 

using its nanoparticles in all three concentrations which 

were used (P < 0.05). The stable water fluxes and 

permeability coefficients in each perfusion, as a 

function of time, for tested compounds indicated that 

intestinal barrier function was maintained during the 

methodology. The intestinal permeability of VCM was 

determined to be in the range of 1.96 (±1.09)×10
-

5
cm/sec to 4.66 (±1.32)×10

-5
 cm/sec in control groups. 

regardless, the drug permeability in test groups' 

intestinal segments which were perfused by VCM 

nanoparticles in PBS, ranged between 3.68 (±2.82)×10
-

5
 cm/sec and 10.06 (±2.61)×10

-5
 cm/sec. There were 

statistical differences among the Peff values in different 

concentrations. The maximum permeability, was seen 

at doses of 300 µg/ml. Therefore, it seems that the 

intestinal permeability of VCM is not concentration-

dependent. The oral fractional absorption of VCM was 

determined to be in the range of 0.28 (±0.12) to 0.53 

(±0.09) in control groups, while the test group was 

determined to be in the range of 0.42 (±0.20) to 0.77 

(±0.13) (Table 4).  In view of the hydrophilicity and 

high molecular weight of the peptidic drug, VCM, the 

higher intestinal permeability after nanonization is 

probable due to enhanced paracellular passage and 

endocytotic uptake, because the particles with  small 

size are absorbed by intestinal enterocytes through 

endocytosis. Coating of VCM nanoparticles with PVA, 

a bioadhesive material, can also be a tactic to increase 

nanoparticle uptake by intestinal enterocytes. 

Nanoparticles coated with bioadhesive materials were 

contemplated to develop mucoadhesion. Adhesion of a 

carrier system to the mucus may improve residence 

time and drug contact with the underlying epithelium, 

thus increasing drug intestinal permeability which was 

demonstrated in the present study. 

 

Conclusion 

VCM-loaded RS-100 nanoparticles were successfully 

provided by using W1/O/W2 double-emulsion solvent 

evaporation method. Drug release from nanoparticles 

was more sustained than physical mixture. Moreover, 
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the intestinal permeation  and fractional absorption of 

VCM were improved using its nanoparticles and this 

may allow more efficient therapy compared to VCM 

formulations present in the market. 
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