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rhodamine B ing remains a significant challenge due to the restrictive nature of
the blood-brain barrier. The intranasal route has emerged as a prom-
ising alternative, enabling direct drug transport to brain tissue via
the nasal cavity. The primary objective of the present study was to
investigate the incorporation of rhodamine B (a model fluorescent
marker) into in situ gel-based nanostructured lipid carriers (NLCs)
for potential brain targeting via the trigeminal or olfactory pathways.
The formulated NLCs were characterized for particle size and poly-
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mized formulation exhibited a mean particle size of 109.3 £9.8 nm
and a PDI of 0.35 £ 0.07. Biodistribution analysis revealed a time-de-
pendent accumulation of rhodamine B within brain tissues, with
peak fluorescence intensity observed at 2 h post-administration.
These findings suggest that rhodamine B-loaded NLC in situ gel en-
hances brain-targeting efficiency and may serve as a viable strategy
for intranasal delivery of therapeutics intended for the management
* CORRESPONDING of central nervous system disorders.
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nose-to-brain delivery route has emerged as a prom-
ising strategy for the direct transport of various com-
pounds from the nasal cavity to distinct brain regions
via the olfactory or trigeminal pathways!. This ap-
proach necessitates the use of nanocarriers to facilitate
the efficient transport of therapeutic agents across the
nasal mucosa and into the brain. Nanocarriers enhance
bioavailability, improve molecular stability, and ena-
ble targeted delivery, thereby optimizing navigation
through the olfactory and trigeminal routes.

The development of robust nanosystems has be-
come a priority in drug delivery research. Lipid-based
nanocarriers - including microemulsions, spanlastics,
and nanostructured lipid carriers (NLCs) - have been
extensively investigated for their ability to deliver both
lipophilic and hydrophilic drugs, while protecting them
from enzymatic degradation and mucociliary clear-
ance within the nasal cavity. Concurrently, the explora-
tion of thermosensitive polymers with mucoadhesive
properties for the formulation of in situ gel matrices
is ongoing, with the aim of enhancing the therapeutic
efficacy of lipid-based nanocarriers and minimizing ad-
verse effects®™.

Rhodamine B, a fluorescent dye, is widely employed
as a model compound for the assessment of the per-
formance of novel drug delivery systems. Its incorpo-
ration into an NLC-based in situ gel enables real-time
tracking of biodistribution and facilitates validation of
brain-targeting potential®. The present study aimed at
developing and evaluating a rhodamine B-incorporat-
ed NLC in situ gel for brain-targeted delivery in rats.

2. Methodology

Rhodamine B was procured from Central Drug House
(CDH®). Glyceryl monostearate and glycerol trioleate
were obtained from Shanghai Macklin Biochemical
Co., Ltd. Tween 40 and other analytical-grade reagents
were purchased from Sisco Research Laboratories
(India). Soluplus® and Kolliphor® P 407 were sourced
from D-BASE

Glyceryl monostearate (used as the solid lipid) and
glycerol trioleate (serving as the oil phase) were com-
bined and melted at 85°C. During lipid phase prepa-
ration, 5 mg of rhodamine B were incorporated. A hot
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aqueous surfactant solution containing Tween 40 and
Soluplus® was added dropwise to the lipid phase un-
der continuous stirring for 30 min. The resulting emul-
sion underwent sonication in a water bath for 15 min,
followed by probe sonication for 2.5 min using an ul-
tra-probe sonicator (Q Sonica Q500, USA) at 30% am-
plitude with a 2-sec on/off pulse cycle, performed over
an ice bath to achieve reduced particle size®.

The optimized rhodamine B-loaded NLC was subse-
quently incorporated into a gel matrix containing 19%
Kolliphor® P 407 and 0.1% carbopol. The final formula-
tion was stored at 4°C for further analysis. Particle size
and polydispersity index (PDI) were measured using a
Malvern Zetasizer Ultra (Hungary); each sample was
diluted with double-distilled water and analysed in
triplicate.

In vivo studies were conducted on rats under ap-
proval from the Research Ethics Committee for Ex-
perimental Investigations at the College of Pharmacy
of the University of Baghdad (protocol number: RE-
C€02202507A). To assess brain-targeting efficiency, a
small-scale study was designed using ten adult female
Wistar rats (190-220 g). The animals were divided into
a control group (n=2), which received no treatment,
and a treatment group (n=8), which received 40 pL of
the rhodamine B-loaded NLC in situ gel intranasally via
a micropipette. At designated time points (0, 0.5, 1, 2,
and 5 h), two rats were euthanized using an overdose
of diethyl ether followed by cervical dislocation.

Brain tissues were immediately harvested, rinsed
with isotonic saline, and fixed in 10% formaldehyde
solution for histopathological analysis. Tissue slide
preparation involved three sequential steps: fixation,
embedding, and sectioning. Fixation stabilized tissue
architecture using formalin or alcohol-based fixatives.
Embedding was performed in paraffin wax following
dehydration and clearing, providing structural sup-
port for slicing. Sectioning was carried out using a mi-
crotome to produce slices of 3-5-um thickness, which
were mounted on slides for staining and microscopic
evaluation.

Fluorescence imaging was conducted using a fluo-
rescence microscope (Zeiss, Germany) equipped with
rhodamine-specific filters (excitation wavelength:
530-570 nm). Images were captured using a digital
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Control

Figure 1. Fluorescence images of brain tissues from the control group (no treatment) and from the groups ad-
ministered rhodamine B-loaded nanostructured lipid carrier (NLC) in situ gel via the intranasal route.

camera (Axiocam 202 mono) and processed in Adobe
Photoshop to enhance contrast while preserving data
integrity’.

3. Results and Discussion

The rhodamine B-loaded NLC in situ gel exhibited a
particle size of 109 nm and a PDI of 0.35. Numerous
studies have identified particle size as a critical deter-
minant for successful nose-to-brain delivery®°. Smaller
particles are known to traverse the mucosal layer more
rapidly and are more readily absorbed by the olfactory
epithelium compared to particles exceeding 200 nm.
Additionally, PDI influences the in vivo behavior of li-
pid-based nanocarriers, affecting their circulation
time, absorption, biodistribution, and clearance. A PDI
below 0.3 is generally preferred for intranasal formula-
tions, as lower values - combined with smaller particle
sizes - support uniform drug absorption across the na-
sal mucosa'®.

The biodistribution study revealed a time-depend-
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ent accumulation of rhodamine B in brain tissues. As
shown in Figure 1, weak fluorescence signals were de-
tected at 30 and 60 min post-administration, indicating
initial uptake. The signal was localized to the olfactory
bulb, suggesting successful intranasal transport. Flu-
orescence intensity peaked at 2 h, reflecting maximal
brain uptake. Although the signal diminished by the
5-h mark, it remained detectable, indicating sustained
retention of the compound. Early detection of fluores-
cence in multiple brain regions following intranasal
administration of the optimized in situ gel underscores
the rapid transport of rhodamine B from the nasal cavi-
ty to the brain via the olfactory pathway, involving both
neuronal and extraneuronal mechanisms.

4., Conclusion

This study demonstrates that rhodamine B-loaded NLC in
situ gel achieves peak brain distribution at 2 h following
intranasal administration, with gradual clearance there-
after. These findings highlight the potential of this deliv-
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ery system for brain-targeted therapies, offering both
rapid uptake and sustained release of therapeutic agents.
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