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Summary
Owing to the unique anatomical connection between nasal cavity and central nervous system, a great deal of interest has been focused on the exploitation of intranasal route for the delivery of therapeutics directly to the brain by circumventing the blood-brain barrier. Particularly, nose-to-brain delivery of the aerosolized levetiracetam was recently demonstrated in mice, emerging as a new hope for the treatment of epilepsy.
However, it is not yet clear whether the extent of nose-to-brain drug delivery depends (or not) on the device utilized for intranasal administration.
[bookmark: _GoBack]Therefore, a thermorreversible gel (composed of 18% Pluronic F-127 and 0.2% Carbopol 974P) loaded with levetiracetam was intranasally administered to CD-1 male mice with using one of the two devices, a micropipette or a polyurethane tube, 1 cm inserted into nasal cavity. At 5 and 15 min post-administration, concentrations were determined in plasma, brain and lungs and plasma-tissue ratios calculated.	Comment by Regina Scherließ: Explain what this is/give composition	Comment by Regina Scherließ: As device?	Comment by Ana Fortuna: Yes and the text was clarified.
Results showed that when administered with the micropipettor, levetiracetam was not detected in the brain, and its concentrations in plasma and lungs were only 17% and 6% of those observed with the polyurethane tube. Moreover, plasma-brain ratio observed with the polyurethane tube was lower than that reported for aerosolized levetiracetam, suggesting that a direct delivery into the brain may occur, but at less extent. Moreover, lung concentrations with polyurethane tube were significantly higher at 5 min (151.36 µg/g).
This study highlights (i) the importance of selecting the adequate device for intranasal administration, that does not compromise the direct passage into the brain, and (ii) proposes the use of an aerosolizer to attain this objective during pre-clinical studies, in order to prompt a correct translation to humans in the future.	Comment by Regina Scherließ: Please indicate the translationability of this study to human.


Key Message
Direct nose-to-brain drug delivery is not attained when the drug is administered as a pipette nasal gel, in opposition to drug nasal gel instillation with a polyurethane tube inserted 1 cm deep into nasal cavity. This must be considered when designing pre-clinical studies during intranasal central drugs development.  

Introduction
Nose-to-brain drug delivery is a mainstream of the current investigations performed to treat central diseases, including psychiatric and neurological disorders, as well as neurodegenerative diseases. The olfactory region is the unique site in the human body where the nervous system is in direct contact with the surrounding environment, providing a great opportunity for drugs administered intranasally to gain a quick and easy access to the brain, while minimising their systemic exposure.
Following intranasal delivery, the deposition of the drug within the nasal chamber should be appropriately optimised for the intended therapeutic goal, whether it may be highly concentrated at the olfactory mucosa for a central effect or low deposited in that area when a systemic outcome is desired. Actually, the distance from the nostril to the olfactory epithelium is very short; however, its location in the slit-like olfactory cleft behind the narrow nasal vestibule and at the end of a complex labyrinth of respiratory turbinates severely hinder the access [1]. Expectably, deposition in adequate innervated regions of the nasal cavity can therefore be a critical component of the overall approach towards realizing the full potential of nose-to-brain drug delivery. 
Due to methodological and ethical limitations, very few investigations providing evidence for nose-to-brain drug delivery in man have been reported. In contrast, rodents are undeniably the laboratory animals most frequently used to assess the potential of new formulations to directly deliver the drug from the nose into the brain. 
With the intent of formulating a successful novel nose-to-brain drug delivery system, the experimental design must be optimized in order to warrant that the drug is administered in olfactory mucosa and dorsal part of the respiratory mucosa, which accessibility is rather difficult particularly in mice, due to their small dimensions. Typically, the administration of drugs into the nose is most often performed by using either a pipettor for delivering drops to alternating nostrils, a piece of tubing attached to a microsyringe/micropipette for inserting within the nasal cavity, or a nasal spray device. But is it really indifferent?
In this context, this study aimed at assessing the potential of different devices to directly deliver a thermoreversible gel loading levetiracetam into the brain. This formulation was selected as a model, since it was recently demonstrated that almost 50% of levetiracetam undergoes direct nose-to-brain delivery after its administration with a MicroSprayer® Aerosolizer [2]. We intend to define the best experimental methodology to apply when testing the pharmacokinetics and pharmacological effects of new central drug formulations administered in nasal cavity, in order to decrease the error associated when extrapolating data from pre-clinical studies to humans. Therefore, two classic devices were tested (pipetted nasal drops and a polyurethane tube attached to a microsyringe for inserting within the nasal cavity) and compared with the aerosolizer.


Material and Experimental Methods
CD-1 male mice, weighting between 25-30 g, were housed under controlled environmental conditions (temperature 20±2 ºC; relative humidity 55±5 %; 12 h light/dark cycle), with ad libitum access to tap water and standard rodent diet (4RF21, Mucedola®, Italy) during all experimental procedures.
All the experiments were conducted in conformity with the international regulations of the European Directive (2010) regarding the protection of laboratory animals used for scientific purposes (2010/63/EU) (European Parliament, Council of the European Union, 2010) and the Portuguese law on animal welfare (Decreto-Lei 113/2013). The applied experimental procedures were authorized by the Direção-Geral de Alimentação e Veterinária.
The animals were randomly divided into 2 groups in accordance to the nasal device used for the administration of levetiracetam (625 µg/animal): one group was administered with a micropippetor, while the other one was administered applying a polyurethane tube coupled to a graduated microsyringe. In both groups, animals were placed in the lateral recumbent positiion until wake up. t The administered volume was set to 25 µL and levetiracetam was dissolved in a thermoreversible gel, prepared according to the method described by Gonçalves and collaborators [2]. Animals were pre-anesthetized by intraperitoneal injection of a mixture of ketamine (100 mg/kg) and xylazine (10 mg/kg), and kept in a heated environment to maintain the body temperature.	Comment by Regina Scherließ: Add images of the two devices?	Comment by Ana Fortuna: The authors conider that images are not essential to the abstract. However if extremely required, the authors are available to send them. 	Comment by Regina Scherließ: Pleaae indicate orientation of mice during and after administration.	Comment by Ana Fortuna: The information was added.
At two pre-defined time points (5 and 15 min, n = 3/time point), animals were sacrificed, blood (to obtain plasma) and tissues (brain and lungs) were collected and properly treated for further quantification of levetiracetam by high performance liquid chromatography (HPLC) with diode array detector (DAD) [4]. Experimental concentrations were calculated and tissue-plasma ratios were determined for each device tested. Data from levetiracetam concentrations and tissue-plasma ratios were processed using Graphpad Prism® 5.03 (San Diego, CA, USA) and expressed as mean ± standard deviation or standard error of the mean (SEM). At each time point, statistical comparisons were performed between both groups using the unpaired two-tailed Student’s t-test.

Results
The mean plasma, brain and lung concentrations of levetiracetam 5 and 15 minutes after intranasal administration with the micropipettor or the polyurethane tube are summarized in Table 1. Accordingly, plasma concentrations are considerably lower when using the micropipette, in comparison to the polyurethane tube, as well as brain concentrations. Indeed, at 5 min post-dosing, no levetiracetam was detected with the pipetter, discarding the hypothesis of direct nose-to-brain delivery with this device.
However, levetiracetam concentrations in the lung were considerably higher after drug administration with the polyurethane tube 1 cm inserted in the nostril, achieving a mean value of 151.357 µg/g at the first time-point, which quickly decreased to 20.068 µg/g up to 15 min.

	Table 1 - Concentrations of levetiracetam in plasma, brain and lung after its nasal administration with two distinct devices to mice (625 μg/animal). Data is represented as mean concentration ± standard deviation.	Comment by Regina Scherließ: Units missing.	Comment by Ana Fortuna: Units of Concentrations are in footnote.


	
	Micropipettor
	Polyurethane tube

	Post-dosing time (min)
	Plasmaa
	Brainb
	Lungsb
	Plasmaa
	Brainb
	Lungsb

	5 min
	7.187±6.355
	0
	9.244±3.873
	42.024±8.475
	2.958±0.301
	151.357±12.848

	15 min	Comment by Regina Scherließ: Only two time points are used in this study – wouldn’t that be too short and insufficient to make the conclusion? Especially the aerosolizer method, which could serve as positive control, has not been evaluated in this study.

	Comment by Ana Fortuna: The aerosalizer was tested within our research group as demonstrated by reference 2.
	0.520±0.131
	0.034±0.048
	ND
	23.856±0.299
	2.772±0.592
	20.068±3.600


ND, not determined 
a concentrations expressed at µg/mL; b concentrations expressed at µg/g

Similarly, the brain-to-plasma concentration ratios (Figure 1A) are higher after instillation of the gel than the corresponding micropipete (mean values at 5 min: 0.071 versus 0; at 15 min: 0.116 versus 0.033), as well as in the lung (Figure 1B).


[image: D:\BD - 16 Fevereiro 2019\Joana Gonçalves\Artigo in vivo\Results_graphs\jpg.jpg]

Figure 1 - Tissue-to-plasma concentration ratios of levetiracetam at 5 and 15 min after administration of levetiracetam (625 μg/animal) with the micropipetor and the polyurethane tube. A represents the brain-to-plasma concentration ratios variation versus time; B represents the lung-to-plasma concentration ratios variation versus time. Data is represented as mean ± standard error of mean (SEM).


Discussion
The study herein presented compared the concentrations and tissue-plasma ratios found for levetiracetam after its nasal administration in a thermoreversible gel through a micropipettor and a polyurethane tube inserted in the nasal cavity.The 5 and 15 min post-dosing times were selected, because the direct nose-to-brain transport of levetiracetam was found at those time points after the same formulation has been administered with the MicroSprayer® Aerosolizer [2].
Analysing Table 1, it is evident that the lowest quantity of levetiracetam systemically absorbed was achieved when using the micropipettor. Indeed, placing the nasal gel drops at the opening of the nostrils allows the animal to sniff them into the nasal cavity, but the tendency is probably to deposit on the nasal floor and be subjected to a rapid mucocilliary clearance [5]. These facts reduce the mean residence time of the drug to be absorbed in the respiratory epithelium or to be directly delivered into the brain in olfactory epithelium. 	Comment by Regina Scherließ: How fast is that in mice (compared to men)?	Comment by Ana Fortuna: In humans, the Clearance half-life (min) is 15 min while in mice are 1.0 mim
On the other hand, the nasal thermoreversible gel administered with the polyurethane tube inserted into de nasal cavity provided higher reproducibility in terms of the emitted dose and allowed a higher systemic absorption in relation to the micropipettor (Table 1). Moreover comparing the brain-plasma ratios herein found with those reported with the MicroSprayer® Aerosolizer [2], it is noteworthy that the nasal spray achieved higher values, probably because the widespread distribution of the drug within the nasal cavity. Conversely, levetiracetam deposition in lungs was considerably augmented with the polyurethane tube, which may increase suggesting that the spray will develop fewer systemic and pulmonary side effects of central drugs. It is, however,Furthermore, it is important to emphasize that the brain-tissue ratio calculated for levetiracetam 5 min after its administration with the polyurethane tube was slightly higher than that observed 5 min after intravenous administration of levetiracetam [2], suggesting that it may exist nose-to-brain delivery but in less extent than with the spray.
Conclusion
The results herein reported demonstrate that aerosolisation of drugs (formulations) is preferable to attain a direct nose-to-brain delivery in detriment of pulmonary exposition. Moreover, none of the tested devices provided a direct nose-to-brain transport as remarkable as that with the aerosolizer [2]. It is, hence, extremely important to be aware that the device may hampers the nose-to-brain delivery, and whenever possible, aerosolizers are advisable to be used. 
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