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ABSTRACT 
Midazolam (MDZ) is used as a sedative and anxiolytic agent in pediatric operations or dentistry procedures. 
Considering low solubility in physiologic pH, commercial intravenous MDZ formulation is constructed as an acidic 
solution, which is unofficially used orally, rectally, buccally, and intranasally in spite of low patient compliance due 
to irritation, inflammation, and caustic effect at administration sites. Due to the pathological safety of our previously 
designed MDZ poloxamer nasal gel (MDZ-PLX-GEL), its pharmacokinetic parameters were determined and compared 
to MDZ aqueous dispersion (MDZ-DIS) after intranasal administration in rats. MDZ-PLX-GEL was prepared using 
PLX (22% w/v), MDZ (1% w/v), and propylene glycol (10% v/v) in phosphate buffer pH 6. For better comparison, the 
commercial intravenous solution was evaluated as well. MDZ was analyzed using a validated high-performance liquid 
chromatography method. Male Sprague Dawley rats were used for in vivo experiments. The most important feature 
of MDZ-PLX-GEL was a rapid onset (20 minutes) with a mean residence time (MRT) of 170 minutes, which means 
MDZ effective blood concentration (100–200 ng/ml) lasts 3 hours which could increase MDZ-PLX-GEL absolute 
bioavailability up to 66.5%±4.6%. It was confirmed that the thermosensitive poloxamer gel was a suitable nasal carrier 
for MDZ that could increase its residence time, which may be a proper alternative for the currently unofficial routes 
of MDZ administration. 

INTRODUCTION
Midazolam (MDZ) is a short-acting benzodiazepine 

which is used as a sedative, hypnotic, and anxiolytic agent mostly 
in pediatric operations or diagnostic or dentistry procedures 
(Ashrafi et al., 2010; Bancke et al., 2015; Olivier et al., 2001; 
Pérez, 2012).

MDZ solubility at a physiologic pH is low. Therefore, 
the best solvent for MDZ commercial dosage form has acidic pH 

3 which is unofficially administered by oral, rectal, parenteral, 
and intranasal routes due to the lack of a suitable commercial 
dosage form which resulted in different problems (Ahmad et al., 
2020; Glauser et al., 2016; Shinichiro et al., 1981). Parenteral 
administration is usually time-consuming and needs trained 
personnel and shows cardiorespiratory side effects in addition to 
pain and irritation at the injection site. In rectal administration, 
besides rectal mucosa burning, variable plasma concentrations 
were reported which led to treatment failure. Oral use showed low 
bioavailability (between 35% and 44%) in addition to the caustic 
and bitter taste due to MDZ acidic pH. Intranasal administration 
showed more patient compliance, especially in children. However, 
nasal mucosa burning was reported (Allonen et al., 1981; Basu, 
2009; Haschke et al., 2010; Henry et al., 1998; Huang et al., 1985; 
Marçon et al., 2009; Verma et al., 2012).
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Thus, it seems that designing a drug delivery system at 
a nasal physiological pH to decrease MDZ harmful side effects 
is necessary; however, a physiological pH will reduce MDZ 
solubility (Basu and Bandyopadhyay, 2011; Ilvento et al., 2015). 

The highly vascularized nasal mucosa with rapid drug 
absorption and delivery of drugs to blood and cerebrospinal 
fluids makes nasal delivery an alternative route of administration 
(Sharma et al., 2014; Xu et al., 2014). More patient acceptability 
of nasal versus parenteral administration makes the intranasal 
route a preferred treatment, especially in children (Allonen et al., 
1981; Harbord et al., 2004; Verma et al., 2012).

Low administered dose volume and high drug content 
are essential considerations for nasal drug delivery design. Mixed 
solvency is a practical approach to enhance drug solubility since it 
may affect the bioavailability of the administrated drug (Agrawal 
and Maheshwari, 2011). Therefore, MDZ-PLX-GEL was 
formulated in an aqueous solution containing propylene glycol 
(PG) in order to enhance MDZ solubility (Parhizkar et al., 2017a; 
Parhizkar et al., 2017b). Poloxamer 407 (Pluronic® F127) is 
introduced as a subject of interest for use in different formulations 
due to its ability to produce thermodynamically stable self-
assembled structures and its good solubilizing capacity. Another 
important characteristic of poloxamer molecules is low toxicity 
and the ability to form a clear solution or gel of topical, rectal, and 
ocular dosage forms with no irritation or sensitivity. Poloxamer 
407 hydrogel’s particular mucoadhesive properties increase its 
potential to be a suitable carrier for “nose-to-brain” delivery of 
active compounds due to its avoidance of mucociliary movement 
and creation of noncovalent bonds with mucus, prolonging the 
residence time of the formulation at the application site (Giuliano 
et al., 2018). Poloxamer hydrogels can be used as delivery systems 
due to the unique properties of sol-gel conversion that is modulated 
by temperature. The thermosensitive sol-gel transition behavior 
in addition to its ability in drug steric stability improvement 
introduces poloxamer as one of the best carriers for nasal delivery 
systems. Better interaction with the nasal mucosa and slower 
drug release from gels can improve drug bioavailability. Another 
benefit of in situ gelling system is the ease of administration due 
to sol-gel properties, since it is liquid before administration and 
converts to a firm gel when dripped into the nasal cavity (Ahmad 
et al., 2020; Shelke et al., 2016). Our previous study indicated 
that the nasal MDZ-PLX-GEL was cilia friendly since unlike 
commercial acidic formulations its pathologic study showed no 
histopathological damage in a rat nasal mucosa model within 3 
hours after administration. In addition, nasal MDZ-PLX-GEL 
showed a proper non-Newtonian rheological pattern, which is a 
necessary parameter in the formulation of in situ forming gels. PG 
was applied as a solubility enhancer to compensate MDZ aqueous 
solubility reduction induced by increasing pH (Parhizkar et al., 
2017a; Parhizkar et al., 2017b).

Considering a review of previous studies focused 
on MDZ nasal administration, there was no similar study that 
evaluates intranasal MDZ gel and dispersion pharmacokinetics in 
rats, especially at nasal physiological pH 6, which is the novelty 
of this research. Thus, the aim of this study was to determine the 
pharmacokinetic parameters of intranasal MDZ-PLX-GEL and 
MDZ dispersion (MDZ-DIS) at pH 6 and compare them with the 
intravenous solution (MDZ-IV) in rats.

MATERIALS AND METHODS

Materials
Midazolam hydrochloride (MDZ) was obtained from 

Exir Pharmaceutical Company (Iran). Poloxamer (PLX) 407 
[average molecular weight about 12,600 (9,840–14,600)] was 
purchased from Sigma-Aldrich. PG, potassium phosphate 
dibasic, and potassium phosphate monobasic were obtained 
from Merck. Piroxicam was gifted from Hakim Pharmaceutical 
Company (Iran). Methanol (MeOH) and acetonitrile (ACN) of 
high-performance liquid chromatography (HPLC) grade were 
purchased from Samchun (Korea). 

Chromatography development

HPLC analysis method
According to previous literature, a sensitive HPLC 

method with some modification was carried out to analyze MDZ. 
Wavelength was selected based on the maximal absorbance of MDZ 
as per UV spectrum. To conduct a precise experiment, different 
internal standards (diazepam, doxepin, and piroxicam) were 
examined based on proper retention time. Different mobile phase 
contents containing various ratios of phosphate buffer solution, 
MeOH, and ACN were evaluated to obtain proper separation of 
MDZ and internal standard peaks with suitable retention time.

Plasma extraction recovery
Blank rat plasma was mixed with MDZ at low, mid, and 

high concentrations and the extraction process was carried out 
using different extraction solvents (ACN and MeOH) separately 
and in combination with different ratios. A defined concentration 
of the internal standard was added to all MDZ samples. The peak 
area ratios (MDZ to internal standard) of the extracted samples 
were compared with standards in a neat solution (free from 
plasma matrix components) and the extraction recovery (%) was 
calculated.

Calibration curve validation
An HPLC system consisting of a quaternary low-pressure 

pump CE 4104 equipped with a CE 4200 UV/Visible Detector (Cecil, 
England) and a HPLC column C18 (25 cm × 4.6 mm column) was 
applied. To construct the calibration curve, five different standard 
solutions of MDZ (39–625 ng/ml) were spiked with blank plasma 
in addition to a constant concentration of the internal standard and 
after extraction with optimized solvent, standard samples were 
assessed. Standard samples were prepared on three different days, 
while each concentration was tested in triplicate. The accuracy of 
the method was determined using known MDZ concentrations (100, 
200, and 400 ng/ml) which were extracted and assessed in triplicate 
similarly. Analysis method sensitivity was determined by the limit 
of detection (LOD) and limit of quantitation (LOQ). Reproducibility 
and robustness of separation and extraction method were confirmed 
by validation parameters including specificity, linearity, accuracy, 
precision, and sensitivity.

Intranasal MDZ formulation preparation
Poloxamer powder was slowly added to cold 

phosphate buffer pH 6 (5°C–10°C), under gentle magnetic 
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stirring. Then, PG and MDZ (1% w/v) were added and the 
mixture was left for 12 hours at 4°C for better hydration. MDZ-
PLX-GEL was in solution form at room temperature, whereas 
after nasal administration it would convert to gel form. MDZ-
DIS was prepared by dispersion of MDZ (1% w/v) in phosphate 
buffer pH 6.

Animal study
Male Sprague Dawley rats (200 ± 20 g weight and 

6–8 weeks) from the Center of Comparative and Experimental 
Medicine (Shiraz University of Medical Sciences, Shiraz, Iran) 
were used for in vivo experiments. All experiments were carried 
out according to the Principles of Laboratory Animal Care from 
the National Institutes of Health’s guide for the care and use of 
laboratory animals and guidelines for laboratory animal care 
and use, Animal Care and Use Committee, Shiraz University of 
Medical Sciences. Rats were retained in a 12 hours light/dark 
cycle at 22ºC ± 2ºC and used standard diet and water ad libitum. 
Animals were randomly assigned to three groups (four animals 
per group). Rats were anesthetized by ketamine (80 mg/kg) and 
xylazine (10 mg/kg). Jugular vein cannulation was carried out 
and rats received MDZ in three different dosage forms (Parhizkar 
et al., 2020). The first group received intranasal MDZ-DIS, the 
second group received nasal MDZ-PLX-GEL, and the third group 
received the intravenous form of MDZ at the same dose (4 mg/
kg). Nasal dosage forms were administered by a polyethylene 
cannula with a diameter of 0.6 mm. Blood samples were collected 
at determined times and immediately centrifuged (15,000 rpm) for 
25 minutes at 4°C temperature. The resultant supernatant plasma 
was stored at −70°C until analysis. 

Statistical analysis
All statistical analyses of the present study were carried 

out using Statistical Package for the Social Sciences software 
16 and Microsoft Excel 2016. The one-way analysis of variance 
test was used to compare the results. A p -value < 0.05 showed 
significant differences.

RESULTS AND DISCUSSION

Chromatography development

HPLC analysis method
A precise analysis method was determined at 

wavelength 240 nm. The flow rate of the mobile phase was 1.0 
ml/minute with a run time of 10 minutes. Better separation and 
proper retention time were obtained using a selected mobile 
phase consisting of ACN : MeOH : phosphate buffer 0.05M pH 
4 (40 : 20 : 40). Piroxicam was selected as an internal standard. 

MDZ and piroxicam retention times were 5 and 8 minutes, 
respectively.

Plasma extraction recovery
To improve MDZ plasma extraction recovery, various 

extraction solvents were examined at different volumes and ratios. 
Results are shown in Table 1. ACN was the best solvent with the 
highest extraction recovery more than 98%; therefore, it was used 
as the extraction solvent in the rest of the study.

Calibration curve validation
The calibration graph of MDZ in the presence of 

piroxicam as an internal standard in plasma was constructed in the 
range of 39–625 ng/ml (Fig. 1). 

The specificity of the analysis method was confirmed 
by the differentiation between different concentrations of MDZ 
and internal standard peaks in blank rat plasma. To ensure the 
specificity of the HPLC method, a blank plasma chromatogram 
was compared with plasma-extracted MDZ and piroxicam 
separately and in combination. As shown in Figure 2, there was 
no interfering peak observed at the retention time of MDZ and 
piroxicam. MDZ and piroxicam were separated completely and 
showed proper retention time with good resolution.

A linear relationship with a correlation coefficient (r2) of 
0.9994 was obtained at the mentioned concentration range. HPLC 
analysis results showed 97.4 ± 1.6, 95.7 ± 1.1, and 96.0% ± 2.8 
intraday and interday precision and accuracy, respectively. The 
LOQ and LOD as parameters of sensitivity were 35 and 12 ng/ml 
for MDZ, respectively. The data revealed a simple and validated 
HPLC method to separate and specify MDZ from endogenous 
plasma compounds.

Table 1. Plasma extraction recovery.

Solvent MeOH ACN MeOH : ACN (1:1) MeOH ACN MeOH : ACN (1:1)

Solvent : plasma volume ratio 1:1 1:1 1:1 2:1 2:1 2:1

Recovery % 82.4 ± 1.0 94.1 ± 1.1 73.2 ± 2.8 86.0 ± 1.7 98.6 ± 0.6 83.2 ± 1.1

Figure 1. Calibration graph of MDZ in plasma (n = 5).
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Animal study
The concentration-time profiles of MDZ in plasma after 

single-dose (4 mg/kg) intravenous and intranasal administration 
of MDZ are shown in Figure 3. A noncompartmental model was 
used to estimate the main pharmacokinetic parameters (Table 2).

According to the LOD and LOQ values of the calibration 
curve, samples of MDZ-IV administration were quantifiable 
within 120 minutes after administration.

Considering previous studies, MDZ minimum 
therapeutic concentration in humans is 40 ng/ml. The hypnotic 
action starts at concentrations higher than 80 ng/ml, and the 
maximum effect was associated with higher concentrations (100–
200 ng/ml), which caused volunteers to fall asleep. However, in 
higher concentrations, different side effects including dizziness, 
muscle relaxation with ataxia, nystagmus, and slurred speech were 
observed (Ahmad et al., 2020; Eagleson et al., 2012; Veselis et al., 
1997).

As can be seen in Figure 3, MDZ-PLX-GEL blood 
concentration was in the required concentration (100–200 ng/ml) 
within 3 hours, while the maximum concentration (Cmax) of MDZ-
IV was 465 ng/ml which was 4.5 times higher than the required 
concentration for hypnotic and sleep effects especially at the first 
30 minutes and reached lower than 100 ng/ml within 2 hours 
which is the lowest concentration for sleeping. However, MDZ-
DIS concentration reached a high concentration which might be 
harmful. 

The time of reaching the maximum concentration (tmax) 
was about 20 minutes for MDZ-PLX-GEL while it was in a wide 
range of 5–60 minutes for MDZ-DIS, which was related to the 
incomplete and variable solubility of dispersed MDZ in a buffer 
solution at pH 6. The MDZ-PLX-GEL tmax was significantly (p = 
0.001) shorter than tmax in a similar study with a lower administered 

dose (2 mg/kg) of intranasal MDZ gel in rabbits (45–60 minutes) 
(Basu and Bandyopadhyay, 2011).

The mean residence time (MRT) of MDZ-PLX-
GEL was 170 minutes and as was predictable was significantly 
(p<0.05) higher than MDZ-IV and MDZ-DIS (about 2.5-fold). 
In the previously mentioned study in rabbits, the MDZ gel MRT 
was 130–160 minutes, although the most important note was the 
duration that the most effective concentration (100–200 ng/mL) 
lasts which is 3 hours for MDZ-PLX-GEL, while it was reported to 
be 20 minutes for MDZ gel previously (Basu and Bandyopadhyay, 
2011).

The absolute bioavailability of MDZ-PLX-GEL and 
MDZ-DIS was 66.5%±4.6% and 60.7±38.6%, respectively, 
which was comparable with MDZ gel’s similar studies in rabbits 
(57–77%); however, predictably, MDZ-DIS showed very wide 
variation in bioavailability (Basu and Bandyopadhyay, 2011). 
Intranasal MDZ gel formulation and nasal solution (pH 3) in dogs 
showed bioavailability of 70.4% and 52.0%, respectively. Previous 
studies mentioned that MDZ nasal formulations in acidic pH (3–4) 
caused discomfort (Eagleson et al., 2012). The effect of pH on 
nasal absorption was also studied. Higher MDZ absorption due to 
passive diffusion was reported at higher pH (above 4). Therefore, 
formulation of MDZ at nasal pH 6 is necessary to enhance 
immediate and effective absorption (Behl et al., 1998; Giuliano 
et al., 2018; Harbord et al., 2004; Hardmeier et al., 2012).

This study reports the advantages of the poloxamer in 
situ forming gel for nasal delivery of MDZ in rats at a physiologic 
pH which has not been reported yet; however, in vivo study in 
rats could not explain the exact human body conditions. More 
studies can be performed in animals with similar nasal structures 
to predict MDZ pharmacokinetic characteristics in humans more 
accurately.

Figure 2. Chromatograms of blank plasma (A), MDZ (5 µg/ml) and piroxicam (1.5 µg/ml) solution (B), and in plasma (C).
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Figure 3. MDZ plasma concentration profile of nasal MDZ-DIS, nasal MDZ-
PLX-GEL, and MDZ-IV solution in rats (n = 4).

Table 2. Main pharmacokinetic parameters.

IV administration Nasal

MDZ-IV MDZ-PLX-GEL MDZ-DIS

Tmax (minute) – 20 ± 7.1 5–60

Cmax (ng/ml) 465 ± 100 169 ± 8 220 ± 100

AUC (0-t) (minutes.ng/ml) 26,130 ± 9,300 17,382 ± 900 15,870 ± 11,800

MRT (minute) 52.9 ± 6.1 129.9 ± 7.7 57.1 ± 19.2

Absolute bioavailability % – 66.5 ± 4.6 60.7 ± 38.6

CONCLUSION
The most important note in the present study was 

the pharmacokinetic evaluation of the MDZ-PLX-GEL 
formulation at nasal physiological pH 6. In situ nasal MDZ-
PLX-GEL showed superior aspects against MDZ-IV and MDZ-
DIS. Results indicated a shorter MDZ onset with a long-lasting 
effective concentration for MDZ-PLX-GEL. Thus, it can 
be concluded that intranasal thermosensitive poloxamer gel 
with suitable pharmacokinetics at a physiologic pH can be a 
good drug carrier for MDZ which is hoped to increase patient 
compliance considering its previously reported mucociliary 
safety. 
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