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Figure 2.  Distribution of lipid particles in organs. (a-1)-(m-1): HSA/O-F-CSLNs; (a-2)-(m-2): O-F-CSLNs.  (a-1), (b-1), (a-2) and (b-2): brain; (c-1), (d-1), 
(c-2) and (d-2): heart; (e-1), (f-1), (e-2) and (f-2): liver; (g-1), (h-1), (g-2) and (h-2): kidney; (i-1), (j-1), (i-2) and (j-2): spleen; (k-1), (m-1), (k-2) and (m-2): 
lung.  (a-1), (c-1), (e-1), (g-1), (i-1), (k-1), (a-2), (c-2), (e-2), (g-2), (i-2) and (k-2): optical images; (b-1), (d-1), (f-1), (h-1), (j-1), (m-1), (b-2), (d-2), (f-2), (h-

2), (j-2) and (m-2): fluorescent images.   

and spleen [14]. Furthermore, as revealed in Fig. 2, HSA/O-
F-CSLNs yielded a stronger fluorescent intensity than O-F-
CSLNs, in general. The enhanced fluorescent intensity of 

HSA/O-F-CSLNs was due to the high affinity of HSA to the 
tissues.
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Figure 3.  Fluorescence in the brain under confocal laser scanning microscope. (a) HSA/O-F-CSLNs; (b) O-F-CSLNs. 

B. Brain Image by Confocal Laser Scanning Microscope 
Fig. 3 shows the fluorescent images of the brain tissue 

with the uptake of HSA/O-F-CSLNs and O-F-CSLNs under 
confocal laser scanning microscope. As indicated in this 
figure, the two lipid particles could penetrate into the brain, a 
non-RES organ, to a certain extent. It has been observed that 
after i.v. administration to rabbits, SLNs could increase the 
concentration of doxorubicin in the brain [15]. The present 
formulation using Tween 80 also enhanced the transport of 
CSLNs into the brain. It has been demonstrated that Tween 
80 modified on drug-loaded particulate carriers could 
improve the permeability across the blood-brain barrier 
(BBB) after i.v. administration [16]. Moreover, based on the 
Image-Pro Plus analysis, the fluorescent intensity in Fig. 3 (a) 
was about three times (591.9/197.9) that in Fig. 3 (b). This 
indicated that HSA/O-F-CSLNs were easier to cross the 
BBB than O-F-CSLNs. This might result from the binding of 
HSA with apolipoprotein E3, A-I or B-100 to promote the 
transport into the central nervous system [17]. Therefore, 
HSA on the particle surface could improve the permeability 
of CSLNs and therapeutic efficacy of NVP for the treatment 
of human immunodeficiency virus residing in the brain. 

IV. CONCLUSIONS 
After i.v. administration to mice, HSA/O-F-CSLNs 

yielded a higher fluorescent intensity than O-F-CSLNs in 
brain, heart, liver, kidney, spleen, and lung. The fluorescent 
intensity of HSA/O-F-CSLNs in the brain was about three 
times that of O-F-CSLNs, indicating that the grafted HSA 
favored the transport of CSLNs across the BBB. 
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NOMENCLATURE 
BBB: blood-brain barrier 
CSLN: cationic solid lipid nanoparticle 
FITC: fluorescein isothiocyante 
HSA: human serum albumin 
HSA/O-F-CSLN: octadecylamine-FITC-conjugated NVP-
CSLN with surface HSA 
NVP: nevirapine 
O-F-CSLN: octadecylamine-FITC-conjugated NVP-CSLN 
 

REFERENCES 
[1] T. Eldem, P. Speiser, and A. Hincal, “Optimization of spray-dried and 

congealed lipid micropellets and characterization of their surface 
morphology by scanning electron microscopy,” Pharm. Res., vol. 8, 
pp. 47–54, 1991. 

[2] Y. C. Kuo and H. H. Chen, “Entrapment and release of saquinavir 
using novel cationic solid lipid nanoparticles,” Int. J. Pharm., vol. 365, 
pp.  206–213, 2009. 

[3] Y. C. Kuo and F. L. Su, “Transport of stavudine, delavirdine, and 
saquinavir across the blood-brain barrier by polybutylcyanoacrylate, 
methylmethacrylate-sulfopropylmethacrylate, and solid lipid 
nanoparticles,” Int. J. Pharm., vol. 340, pp. 143–152, 2007. 

[4] R. H. Muller, S. Maassen, C. Schwarz, and W. Mehnert, “Solid lipid 
nanopaticles (SLN) as potential carrier for human use: interaction 
with human granulocytes,” J. Control. Release, vol. 47, pp. 261–269, 
1997. 

[5] A. Fundaro, R. Cavalli, A. Bagoni, D. Vighetto, G. P. Zara, and M. R. 
Gasco, “Non-stealth and stealth solid lipid nanoparticles (SLN) 

69




