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Abstract 
 
Purpose: To fabricate biodegradable nanoparticle formulation of bis-demethoxy curcumin analogue 
(BDMCA), a novel curcumin analogue, and evaluate its in vitro and in vivo characteristics. 
Methods: Nanoparticle formulations were fabricated by a double emulsion solvent evaporation 
technique using polycaprolactone as the polymer. The nanoparticles were characterised for drug 
content, particles size, in vitro drug release and the drug-polymer interaction. The in vivo properties of 
the formulations in male Wistar rats were evaluated from the pharmacokinetics and pharmacodynamics 
of BDMCA following i.v. administration of the nanoparticles.  BDMCA solution was administered i.v. as a 
reference. Hepatoprotectivity of the formulation was determined in a CCl4-treated rat model.  
Results: The BDMCA nanoparticles were successfully prepared using double emulsion solvent 
evaporation technique. The nanoparticle formulations effectively sustained the release of the drug for 
more than 10 days both in vitro and in vivo. They also offered better pharmacokinetic properties to the 
drug than that afforded by the free drug itself. Intravenous nanoparticular administration reversed serum 
liver enzyme levels by 90%, compared to 52 % for repeated i.v. administration of the solution form.  
Conclusion: BDMCA particle demonstrated good pharmacokinetic and pharmacodynamic properties 
following i.v. administration.  
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INTRODUCTION 
 
Curcumin has demonstrated several 
pharmacological activities and therapeutic 
applications in a variety of disease states [1]. 
However, it shows poor systemic delivery. 
Data from several studies indicate that its 
poor solubility, very low GIT dissolution rate, 
low absorption, and extensive systemic 
metabolism are the reasons for its delivery 
problems and lack of clinical success [2]. 
Several formulations as well as drug 
discovery strategies have been investigated 
to overcome these delivery issues. In order to 
improve the delivery of curcumin, 
phosphatidylcholine formulations, lipid-
complexes, solid-dispersions, prodrugs, 
microspheres, analogues, derivatives, and 
nanoscale formulations are among those that 
have been investigated [3-7]. The structures 
of curcumin and bisdemethoxy curcumin 
analogue (BDMCA), a novel curcumin 
analogue which is the subject of this study, 
are shown in Fig. 1. 
 

 
 
                                                 

                          
 
Figure 1: Chemical structures of the drugs (1A = 
curcumin and 1B = bisdemethoxy curcumin 
analogue or BDMCA) 

 

Several analogues with improved 
pharmaceutical properties, as well as 
therapeutic and pharmacological activities 
have been synthesised [1]. Identification of 
newer curcumin analogues with improved 
activities is of significant preclinical and 

clinical interest. The hepatoprotective activity 
of BDMCA has previously been reported [8].  
 
In chronic diseases, such as cirrhosis and 
associated liver disorders for which 
hepatoprotection is required, drugs are 
usually given daily by the oral route. 
However, such a practice is frequently 
associated with peak systemic drug levels 
which are either toxic or subtherapeutic. A 
suitable sustained release system would 
prolong drug release at the site of action and 
minimise fluctuations in drug levels, thus 
resulting in effective therapy. Additionally, 
targeting of drugs to the cells involved in a 
disease can increase therapeutic 
effectiveness several-fold. Therefore, an 
attempt was made in this study to develop a 
biodegradable nanoparticulate formulation 
which not only can sustain drug release but 
also lead to enhanced intracellular levels of 
the drug in liver cells, such as Kupffer cells, 
which are not only exposed to systemic 
circulation and but are also phagocytic in 
nature [9]. Sinusoidal endothelial cells, which 
also exposed to systemic circulation, can 
actively take up particles by endocytosis [10]. 
Both of these cell types are known to be 
involved in the pathology of cirrhosis and 
associated liver disorders [11].  
 
The first objective of this study was to 
fabricate and characterise nanoparticles of 
BDMCA using a double-emulsion solvent 
evaporation technique and with 
polycaprolactone as the polymeric material. 
To address the drug delivery shortcomings of 
BDMCA molecule and thereby alter its 
pharmacokinetic and pharmacodynamic 
properties, release of the drug through 
polymeric material is of immense importance. 
Thus, the second objective of this work was 
to evaluate the pharmacokinetics and 
hepatoprotective activity of the drug following 
intravenous administration of the developed 
formulation. Advantages of delivery systems 
such as this have previously been reported 
[12,13].   
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EXPERIMENTAL 
 
Material 
 
All the chemicals and reagents used were 
purchased from Finar Chemicals and Merck 
Specialities, both in New Delhi, India. 
Polycaprolactone was purchased from 
Sigma-Aldrich Taufkirchen, Germany while 
polyvinylalcohol was obtained from Qualikens 
Fine Chemicals, New Delhi, India. Male 
albino Wistar rats, weighing 150 - 250 g, and 
purchased from Mahaveera Enterprises, 
Hyderabad, India, were used in the in vivo 
investigation. Bis-demethoxy curcumin 
analogue (BDMCA) was synthesised and 
purified in our laboratory as previously 
described [7,14]. Its purity was further 
checked with HPLC using methanol:water at 
a ratio of 80:20 as a mobile phase at a 
detection wavelength of 230 nm. 
 
Preparation of BDMCA nanoparticles 
 
BDMCA nanoparticles were prepared using a 
double emulsion-solvent evaporation 
technique. Three different formulations NP1, 
NP2, NP3 containing drug:polymer in the 
ratio of 1:1.5, 1:2 and 1:4, respectively, were 
prepared. Briefly, dichloromethane (10ml) 
containing the drug (100 mg) and the polymer 
dissolved in it, was taken as the organic 
phase. The aqueous phase (5 ml), containing 
polyvinyl alcohol in water (to form a 3 %w/v 
solution), was added to the organic phase 
and sonicated using an ultrasonicator 
(Homogenizer 150 VT, M/S Biologics, Inc, 
USA) for 10 min to form a w/o emulsion. The 
w/o emulsion was subsequently added to 30 
ml of 3 % w/v polyvinylalcohol solution and 
sonicated for 5 min to form a w/o/w emulsion. 
The emulsion was stirred on a magnetic 
stirrer until complete evaporation of 
dichloromethane occurred, leaving a 
nanoparticle suspension. The suspension 
was centrifuged at 10,000 rpm for 30 min, 
resulting in the formation of a pellet at the 
bottom of the tube. This pellet was re-
suspended in phosphate buffered saline 
(PBS) to form a nanoparticle suspension 

which was used for further evaluation. 
Aseptic technique was used in the 
preparation of sterile nanoparticle 
formulations used in the animal experiments. 
In this case, prior to the preparation in a 
laminar flow hood, all the excipients and the 
containers used were sterilized in a formalin 
chamber. 
 
Characterization of BDMCA nanoparticles 
 
The nanoparticle formulations were evaluated 
for particle size and charge, drug 
encapsulation, drug-excipient interaction and 
in vitro drug release.  
 
Determination of particle size and charge 
 
Values of effective hydrodynamic diameter in 
dilute dispersions were obtained by dynamic 
light scattering measurements using a zeta 
sizer (ZetaPlus zeta potential analyzer, 
Brookhaven Instruments Corp, Holtsville, NY, 
USA) equipped with a laser source at a fixed 
angle of 90º. Prior to analysis, the solutions 
were filtered through a filter (pore size ≈ 2 

µm) to remove dust.   
 
Evaluation of encapsulation efficiency 
 
The amount of drug encapsulated in the 
particles was determined using the dialysis 
method. The drug that diffused into the 
receptor compartment across the dialysis 
membrane (MW: 25,000) was assayed at 425 
nm wavelength using a UV-Vis 
spectrophotometer (Elico SL 164) and the 
cumulative amount released was calculated. 
The volume of the receiver compartment was 
1 L. Drug release was monitored until no 
more drug was released for approximately 30 
min.  
 
In vitro release experiments 
 
The drug (free or encapsulated in 
nanoparticles) was placed in the donor 
compartment of a dialysis permeability cell 
containing 100 ml of phosphate buffered 
saline (PBS) with a dialysis membrane (MW: 
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25,000) separating the donor and receptor 
compartments. At predetermined intervals, 
the dialysate was sampled and the amount of 
BDMCA was determined 
spectrophotometrically at 425 nm. Drug 
release was monitored until no more drug 
was released for 30 min. 
 
Studies on drug-polymer interaction 
 
Drug-polymer interaction was investigated 
using a Fourier transform infrared (FTIR) 
spectroscopy. The FTIR spectra of the drug, 
polymer, blank nanoparticles, and drug-
loaded nanoparticles were taken with a 
Thermo Nicolet Nexus 670 spectrometer 
using KBr pellets.     
 
Pharmacokinetic studies 
 
The pharmacokinetics of the formulation was 
performed in two groups of male Wistar rats 
of six rats each – one group for the 
nanoparticles and the other for the reference 
drug. All the animal experiments were 
conducted according to guidelines of the 
Committee for the Purpose of Control and 
Supervision of Experiments on Animals 
(CPCSEA), Chennai, India [15] and the study 
protocol was approved by Institutional Animal 
Ethical Committee of Vaagdevi College of 
Pharmacy, Warangal, India (ref no. 
1047/ac/07/CPCSEA). The rats were 
acclimatised for 10 days prior to the 
commencement of the experiment (12/12 
hour dark/light cycle at a temperature of 20 
0
C and relative humidity of 60%) and fed on 

standard diet. These conditions were 
maintained throughout duration of the 
experiment.  
 
Nanoparticle formulation, NP1, was used in 
the in vivo studies because it had the 
smallest particle size, high encapsulation 
efficiency and fastest in vitro drug release. An 
amount (10 mg) of the nanoparticules 
(equivalent to 7 mg of the drug), dispersed in 
1ml of normal saline, was injected 
intravenously into the rats via the tail vein.  
For the reference, 7 mg of the drug was 

dissolved in 1 ml PEG 400 and administered 
i.v to the rats via their tails. Blood samples 
were collected at 0.5, 1, 2, 3, 6, 12, 24 h and 
then 3, 6 and 9 days. Plasma BDMCA was 
estimated using HPLC (Cyberlab, USA).  
Prior to this, HPLC standard curve for the 
drug in plasma was generated. The UV 
detection wavelength was 230 nm. The 
mobile phase consisted of methanol:water at 
a ratio of 80:20. The following 
pharmacokinetic parameters (for both 
reference and nanoparticle administrations) 
were determined using WinNonlin 
pharmacokinetic data analysis software: 
elimination rate constant (ke), volume of 
distribution (Vd), elimination half-life (t1/2), 
clearance (CL), and area under curve (AUC).  
 
Evaluation of hepatoprotective activity  
 
Hepatoprotective activity was used as a 
measure of pharmacodynamic activity. It was 
determined for the reference (pure BDMCA) 
as well as the nanoparticles. Male albino 
Wistar rats, weighing 150-200 g, were divided 
into 6 different groups. Group I was normal 
control; Group II, which served as toxic 
control, received a mixture of CCl4 and olive 
oil (25:75) at a dose of 0.7ml/kg by the 
intraperitonial route on the 3rd, 6th and 9th 
day. Group III received 3.5 mg BDMCA 
dissolved in PEG 600 (0.5 ml) by intravenous 
route twice daily, giving a total daily dose of 7 
mg. Group IV received 10 mg of BDMCA 
nanoparticle formulation (NP1), equivalent to 
7 mg of BDMCA, once at the beginning of the 
experiment via the i.v. route. Group V 
animals were injected i.v. with blank 
nanoparticles and Group VI animals served 
as control (for PEG 600) and were injected 1 
ml of PEG 600 twice a day. Hepatoprotective 
activity was quantified by assessing serum 
glutamic oxaloacetic transaminase (SGOT) 
and serum glutamine pyruvic transaminase 
(SGPT) levels as well as histological features 
following the procedure reported previously 
[15,16]. The body weights of the rats were 
also monitored.  
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Statistical analysis 
 
The data were presented as mean ± standard 
deviation (S.D.) and were analysed by 2-
tailed Students t-test using MiniTAB software 
(Minitab Inc. State College, PA, USA). P < 
0.05 was used in determining statistically 
significant difference.  

 

RESULTS 
  
The purity of BDMCA, as assessed by HPLC, 
was 99.7 %. As Table 1 shows, drug/polymer 
ratio did not exert any significant influence (p 
< 0.05) on the particle size of the 
formulations. However, at a drug/polymer 
ratio of 1:1.5 (formulation NP1), 
encapsulation efficiency was high (70 %), 
polydispersity was least and the particles 
carried a significant negative charge. 
Consequently, this formulation was used in 
subsequent studies.   
 
Drug-polymer interaction 
 
The FTIR spectra of BDMCA, BDMCA 
nanoparticles, blank nanoparticles and pure 
poly(caprolactone) (not shown) indicate that 
there was no interaction between the drug 
and the polymer. Furthermore, the 
characteristics of the polymer were not 
altered during the formulation process.  
 
In vitro drug release characteristics 
 
In vitro release data, shown in Fig 2, indicate 
that all the three formulations sustained drug 
release for over a period of 9 days. Drug 
release from NP1 was several fold-higher 
than from NP2 and NP3. This could be due to 
stronger binding of the drug to the polymer in 
NP2 and NP3 which had lower drug 
concentrations than NP1. Higuchi plot of the 
data (not shown) indicate that all the 
formulations exhibited burst release on the 
first day and thereafter, drug release followed 
Higuchi pattern up to the 9

th
 day of the study. 

This suggests diffusion-mediated release 
after an initial burst release.  
 

Pharmacokinetics of the formulations   
 
Extraction efficiency of the method used was 
85 %. The retention time of the drug was 8 
min and the minimum detection level was 0.1 

µg/ml. Plasma profiles of the drug following 
i.v. administration of the BDMCA 
nanoparticles and the free drug (reference) 
are plotted in Fig. 3. BDMCA nanoparticles 
resulted in a higher and prolonged drug 
levels, which refleced as increased area 

under the curve. T1/2β, Vd, AUC, and CL for 
NP1 formulation were 150 ± 20 h, 1.33 ± 0.2 

L, 11.2 ± 0.2 µg.hr/ml, and 1.2 ± 0.4 ml/min, 
respectively, while the corresponding values 
for the free drug were 3.46 ± 1.50 h, 0.08 ± 

0.04 L, 0.25 ± 0.15 µg.hr/ml, and 6.4 ± 1.2 
ml/min, respectively. Thus, the half-life (t1/2), 
volume of distribution (Vd), and the area 
under the curve (AUC) of NP1 formulation 
were higher (P < 0.05) than the 
corresponding values for the free drug, while 
clearance (CL) was lower than for the free 
drug. 
 
Hepatoprotective activity 
 
Table 2 shows the hepatoprotective data for 
NP1 and controls. The results show a 
significant decrease in the levels of SGOT 
and SGPT in the rats that received the 
nanoparticles when compared with the levels 
of the enzymes in the CCl4–treated rats. 
 
The PEG control as well as blank nano-
particles did not exert any change on SGOT 
and SGPT levels suggesting that these 
materials were non-toxic to the rat liver. The 
histopathological data tallied with the 
biochemical data as there was significant 
necrosis of the liver cells including the 
parenchyma in CCl4–treated rats while in the 
other groups, the histological assessment 
revealed normal liver. While administration of 
the free drug to CCl4-treated rats lowered 
both SGOT and SGPT levels significantly, it 
did not, however, achieve complete reduction 
to normal levels. However, both BDMCS 
preparations restored the histological status 
of the liver of the CCl4-treated rats to normal.  
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Table 1: Some properties of BDMCA nanoparticles 
 

Formulation Particle size (nm) 
Zeta potential 

(mv) 
Polydispersity index 

Entrapment 
efficiency (%) 

NP1 650 -6.66 0.10 71 
NP2 950 -1.24 0.60 89 
NP3 667 -8.07 0.98 63 
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Figure 2: Drug release from nanoparticles (◊ = 
NP1; □ = NP2;  ∆ = NP3) 
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Figure 3: Plasma concentration-time curve of 

BDMCA following i.v. administration to rats  
     (◊ = free drug ; ■ = NP1 nanoparticles) 

Table 2: Hepatoprotective activity of the preparations in male Wistar rats 
 

Group  
Initial body 
weight (g) 

Body weight 
after 9 days 

(g) 

SGOT activity 
(u/l) 

SGPT activity 
(u/l) 

Histological 
features of the 

liver 

Control 165±5 212 ± 12 18.7 ± 4.2 8.9 ± 3.2 Normal  

CCl4-treated 160 ± 10 155 ± 15 53.6 ± 6.8 37.1± 2.4 Massive necrosis 
and hepatitis of 

liver parenchyma 

CCl4-treated 

+ free BDMCA 

155 ± 9 195 ±12 35.7 ±2.5 16.6±2.8 Normal  

CCl4 -treated 

+ NP1 

154 ± 8 187 ± 13 20.9±3.5 12 ± 1.5 Normal  

Control + PEG 
solution 

155 ± 5 200 ±8 18.2 ±2.5 9.2 ±2.5 Normal  

Control + blank 
NP1 

160± 2 199± 15 20.8±5.2 10.4± 2.5 Normal  

SGOT = serum glutamic oxaloacetic transaminase; SGPT = serum glutamic pyruvic transaminase 

 
Furthermore, the body weights of the rats 
which fell significantly after CCl4 treatment, 
were restored to normal following 
administration of both BDMCA preparations.  

DISCUSSION  
 
One of the problems with particulate drug 
carriers including nanomaterials is the 
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possibility that they may be engulfed by the 
mononuclear phagocytic system of the liver 
and the spleen [9,10]. However, such an 
occurrence can be an added advantage 
when treating liver diseases such as tumour 
metastasis, fibrosis, cirrhosis or hepatitis, 
where phagocytic cells are likely to be 
involved. The present study is premised on 
such an approach since BDMCA, a curcumin 
analogue, has been found to be useful in liver 
diseases, such as cirrhosis, which involves 
several liver cells.  
 
Onset of fibrosis/cirrhosis starts with the 
initiation of biochemical cascade in Kupffer 
cells as well as sinusoidal endothelial cells, 
both of which can take up nanoparticles at a 
significant rate [11]. Thus, drugs when 
encapsulated in the nanoparticles and 
administered via the i.v. route, can lead to 
very high intracellular levels in liver cells. For 
instance, the delivery of flavopiridol using a 
novel liposomal formulation resulted in better 
pharmacokinetic properties than the solution 
form [13]. Similarly, paclitaxel nanoparticles 
not only showed effectiveness in in vitro cell 
culture models but also increased sustainable 
therapeutic efficacy in an in vivo animal 
model [12]. The paclitaxel was encapsulated 
in a vitamin E TPGS-emulsified PLGA 
nanoparticles, and this system resulted in a 
higher and prolonged level above the 
effective concentration in vivo, as reflected by 
increased area under the curve.  
 
BDMCA nanoparticles were successfully 
prepared using the protocol described in this 
study. NP1 was the most suitable of the three 
nanoparticle formulations prepared but it 
could be improved on and even tailored to 
meet various needs. These nanoparticles 
sustained the release of the drug both in vitro 
as well as in vivo. The hepatoprotective 
studies demonstrated effective reversal of 
hepatotoxicity by the nanoparticles but the 
reversal was not 100 %, probably due to the 
administration of insufficient doses. Thus, a 
higher dose may be required to achieve 100 
% reversal of elevated SGOT and SGPT 
levels to normal. 

The rationale for nanoparticle entrapment of 
drugs include enhancement of drug delivery 
to, or uptake by, target cells, and/or a 
reduction in the toxicity of the free drug at 
non-target organs. Both of these situations 
will result in increase in therapeutic index, the 
margin between the doses resulting in 
therapeutic efficacy (e.g., tumour cell death) 
and toxicity to other organ systems. Based on 
the findings of this study, BDMCA appeared 
to have shown potentials for meeting these 
desirable objectives.  
 

CONCLUSION 
 
Nanoparticles of BDMCA can be conveniently 
prepared by a solvent evaporation technique 
using polycaprolactone as a biodegradable 
polymer. The particles sustained the drug 
release both in vivo and in vitro. The 
nanoparticles improved the pharmacokinetic 
properties of the drug.  BDMCA nanoparticles 
were more effective than the free drug in 
achieving reversal of biochemical changes 
induced by the administration of CCl4. The 
nanoparticles can be further developed to 
enhance delivery of BDMCA to the liver of 
rats. 
 

ACKNOWLEDGEMENT 
 
The authors would like to acknowledge the 
management of Vaagdevi College of 
Pharmacy, Warangal, for providing facilities 
for this work. One of the authors, Dr Jithan 
Aukunuru, is grateful to the Department of 
Science and Technology, India, for granting 
financial assistance that enabled him to 
participate in this study. This work was 
largely funded with a SERC-DST Young 
Investigator project grant to Dr. Jithan 
Aukunuru. 
 

REFERENCES 
 
1. Anand P, Thomas SG, Kunnumakkara AB, Sundaram 

C, Harikumar KB, Sung B, Tharakan ST, 
Misra K, Priyadarsini IK, Rajasekharan KN, 
Aggarwal BB. Biological activities of curcumin 
and its analogues (Congeners) made by man 



Anuradha & Aukunuru 

Trop J Pharm Res, February 2010; 9 (1): 58 

and Mother Nature.  Biochem Pharmacol 
2008; 76: 1590-1611. 

2. Dhillon N, Aggarwal BB, Newman RA, Wolff RA, 
Kunnumakkara AB, Abbruzzese JL, Ng CS, 
Badmaev V, Kurzrock R. Phase II trial of 
curcumin in patients with advanced pancreatic 
cancer. Clin Cancer Res 2008; 14: 4491-
4499. 

3. Paradkar A, Ambike AA, Jadhav BK, Mahadik KR. 
Characterization of curcumin-PVP solid 
dispersion obtained by spray drying. Int J 
Pharm 2004; 271:281-286 

4. Markatou E, Gionis V, Chryssikos GD, Hatziantoniou 
S, Georgopoulos A, Demetzos C. Molecular 
interactions between dimethoxycurcumin and 
Pamam dendrimer carriers. Int J Pharm 2007; 
339: 231-236. 

5. Xu DH, Wang S, Mei XT, Luo XJ, Xu SB. Studies on 
solubility enhancement of curcumin by 
Polyvinylpyrrolidione K30. Zhong Yao Cai 
2008; 31: 438-442. 

6. Thangapazham RL, Puri A, Tele S, Blumenthal R, 
Maheshwari RK. Evaluation of a 
nanotechnology-based carrier for delivery of 
curcumin in prostate cancer cells. Int J Oncol 
2008; 32: 1119-1123. 

7. Aukunuru J, Runja C. Synthesis and evaluation of 
antidepressant activity of some curcumin-like 
compounds. In Pharm communiqué 2009; 
Suppl 2: 38-41. 

8. Kamalakkannan N, Rukkumani R, Varma PS, 
Viswanathan P, Rajasekharan KN, Menon 
VP. Comparative effects of curcumin and an 
analogue of curcumin in carbon tetrachloride-
induced hepatotoxicity in rats. Basic Clin 
Pharmacol Toxicol 2005; 97: 15–21. 

9. Nagayama S, Ogawara K, Fukuoka Y, Higaki K, 
Kimura T. Time-dependent changes in 
opsonin amount associated on nanoparticles 
alter their hepatic uptake characteristics. Int J 
Pharm 2007; 342: 215-221. 

10. Ogawara K, Yoshida M, Higaki K, Kimura T, Shiraishi 
K, Nishikawa M, Takakura Y, Hashida M. 
Hepatic uptake of polystyrene microspheres in 
rats: effect of particle size on intrahepatic 
distribution. J Control Release 1999; 59: 15-
22. 

11. De Bleser PJ, Niki T, Rogiers V, Geerts A. 
Transforming growth factor-beta gene 
expression in normal and fibrotic rat liver.  J 
Hepatol 1997; 26: 886-893. 

12. Win KY, Feng SS. In vitro and in vivo studies on 
vitamin E TPGS-emulsified poly(D,L-lactic-co-
glycolic acid) nanoparticles for paclitaxel 
formulation.  Biomaterials 2006; 27: 2285-
2291. 

13. Yang X, Zhao X, Phelps MA, Piao L, Rozewski DM, 
Liu Q, Lee LJ, Marcucci G, Grever MR, Byrd 
JC, Dalton JT, Lee RJ. A novel liposomal 
formulation of flavopiridol.  Int J Pharm 2009; 
365:170-174. 

14. Bratu MG. Synthesis of curcumin derivatives. 
Universitatis Cibiniensis Series E: Food 
Technology  2005; 9: 11-16. 

15. CPCSEA guidelines for laboratory animal facility. 
Indian J Pharmacol. 2003; 35: 257-274.  

16. Bonepally CR, Aukunuru JV, Yellu NR, Vanga MR. 
Fabrication and Investigations on 
Hepatoprotective Activity of Sustained 
Release Biodegradable Piperine 
Microspheres. Int. J Pharm Sci and Nanotech 
2008; 1: 87-96. 

 

 
 
 
 
 
 
 
 
 
 
 
 


