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ORIGINAL ARTICLES

Department of Ophthalmology‘, National University Hospital, Faculty of Pharmacyz, and Department of Anaesthesiology3,
National University Hospital, University of Iceland, Reykjavik, Iceland

lntranasal administration of midazolam in a cyclodextrin based

formulation: bioavailability and clinical evaluation in humans

H. GUDMUNDSDOTTIRI, J. F. SIGURJONSDO‘ITIRZ, M. MASSONZ, O. FJALLDALa, E. STEFANSSONI and T. LOFTSSON2

lntranasal administration of midazolam has been of particular interest because of the rapid and reliable onset of action,
predictable effects, and avoidance of injections. The available intravenous formulation (Dormicum® IV solution from
Hoffmann-La Roche) is however less than optimal for intranasal administration due to low midazolam concentration and

acidity of the formulation (pH 3.0—3.3). In this study midazolam was formulated in aqueous sulfobutylether-[3~cyclodex-
trin buffer solution. The nasal spray .was tested in 12 healthy volunteers and compared to intravenous midazolam in an
open crossover trial. Clinical sedation effects, irritation, and serum drug levels were monitored. The absolute bioavailabil-

ity of midazolam in the nasal formulation was determined to be 64 :l: 19 % (mean :l: standard deviation). The peak serum

concentration from nasal application, 42 :: 11 ng ml”, was reached within 10—15 min following administration and clin-
ical sedative effects were observed within 5 to 10 min and lasted for about 40 min. Intravenous administration gave
clinical sedative effects within 3 to 4 min, which lasted for about 35 minutes. Mild to moderate, transient irritation of

nasal and pharyngeal mucosa was reported. The nasal formulation approaches the intravenous form in speed of absorp-

tion, serum c0ncentration and clinical sedation effect. No serious side effects were observed.

 

1. Introduction

Due to their well—defined anxiolytic properties, benzodi-
azepines are among the most popular sedatives for use
before surgery and anaesthesia. Midazolam, a short-acting,
water—soluble benzodiazepine, has been demonstrated to
be a safe and effective preanesthetic anxiolytic agent [1]
and its clinical efficacy is well documented after intrave—
nous [2, 3], intramuscular [4], intranasal [5—7], oral [8, 9]
and rectal [10] administration. .

The available p ental drug formulation (Dorrnicum® IV
solution from H ffmann—La Roche) is however less than
optimal for intranasal use due to the low concentration of

midazolam as well as the acidic pH (pH 3.3) of the for-
mulation [11]. Nasal irritation [12], discomfort within
the throat area as well as bitter taste are common com—

plains following the intranasal administration. The large
volume needed and accordingly extended administration
time add to the unpleasant side effects from the avail-
able parenteral formulation when used for intranasal appli-
cation.

By formulating midazolam in a solution containing sulfo-
butylether-B—cyclodextrin and hydroxypropyl methylcellu—
lose, the solubility of midazolam (and therefore the mida-
zolam concentration in the dosage form) was increased
dramatically [13]. This enhanced solubility could be ob-
tained at a higher pH (pH 4.3) than previously reported
for the parenteral drug formulation used as intranasal mid-
azolam dosage forms. Cyclodextrins and their derivatives
have been extensively studied for their use as pharmaceu—
tical excipients. Constructed of (it-1,4 linked glucose units,
they form cone shaped cylinders with hydrophilic exterior
surface and a hydrophobic inner cavity. This allows cyclo—
dextrins to form inclusion complexes with a lipophilic
moiety of the midazolam molecule, increasing the aqueous
solubility of midazolam dramatically without affecting the
drug’s pharmacological properties [13—15]. The addition
of small amounts of water-soluble polymers, such as hy-
droxypropyl methylcellulose, to the solution further in-

creases the solubility of midazolam in the aqueous cyclo-
dextrin solution [16, 17]. 'The main objectives of the
present study were to determine the absolute bioavailabil-
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ity of midazolam in the new midazolam nasal spray and
to determine the clinical sedative effects in healthy volun-
teers.

2. Investigations and results

Mean midazolam serum concentration curves following
both modes of administration are shown in the Fig.
All values shown are the mean values :l: the standard
deviation of the mean. The maximum midazolam

plasma concentration was 42.1 :: 11.2 ng ml‘1 (range
29~72 ng m1"1), 15.5 :l:7.9 min (range 5—30 min) fol-
lowing intranasal administration. Area under the curve di-
vided by the dose (in mg) of midazolam administered

(AUC/dose) was calculated to be 1981 :l:487 ng ml"1
min mg“1 following intravenous administration and
1209i279 ng ml“ min mg"1 following intranasal ad-
ministration. The approximate 95% confidence interval
was from 1705 to 2257 ng ml“1 min mg‘1 dose and from
1052 to 1367 ng m1‘1 min mg"1 dose for the AL'C fol-
lowing intravenous and intranasal midazolam, respectively.
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Fig: Serum concentration-time profiles following administration of mida-
zolam intranasal (O) (0.06 mg/kg) and intravenous (I) (2 mg). Each
point represents the mean :l: standard deviation
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ORIGINAL ARTICLES

Table 1: Distribution of sedative scores after intravenous and intranasal midazolam administration (n = 12) 

Sedation Contr. Admin. Time in minutes after administration 
  

score
—5        0 1 2  

IV—Values

GUI-PWNH
IN—Values

GUI-kWh.)—
12

10 15 20 25 30 35 55 60 65 

 

 

 
 

  
 

 

12 12 12

* Comparison of distribution of sedation scores between control (5 min before adm.) and post—administration using Wilcoxon’s test (*P < 0.05)
! Comparison of distribution of sedation scores between groups IV vs. IN using Mann-Whitney test (!P < 0.05, !!P < 0.01)

This gave a mean intranasal midazolam bioavailability of
64 :i:19%. Mean terminal half-life (tm) following intrave-
nous midazolam administration was 107.8 :1: 30.9 min and

128.8 i 54.0 min following intranasal midazolam admini—

stration. The approximate 95% confidence interval was
90 min to 125 min and 98 min to 159 min for the tug va—

lues following intravenous and intranasal midazolam ad-
ministration, respectively. In one half of the group of
twelve participants the initial sedative effect was seen
within 5—10 min, and for one additional participant within

15 min, following intranasal drug administration. Maximal
sedative effects were attained from 15—20 min and these
continued until 55—60 min after administration. Five of

the above mentioned participants showed initial sedative
effect within 2—3 min following intravenous drug adminis-

tration and approximate maximal sedative effects were at-
tained from 3—4 min until 35—40 min after administration.

The other members of the group, namely five participants,

experienced minor or no sedative effects following either
intranasal or intravenous drug administration. Comparison
of distribution of sedative scores between control and post

administration midazolam using Wilcoxson’s test, revealed

statistically significant differences (p < 0.05) from base—
line from 8 min through 50min post administration for

the intranasal group. Similarly, there were statistically sig—
nificant differences (p < 0.05) in sedation from baseline
from 3 min through 40 min post administration in the in-
travenous group. Comparison of difference of sedative ef-
fects between the intranasal and intravenous groups using

Mann-Whitney test, revealed statistically significant differ-
ences (p < 0.05) from 3 to 4 min and from 40 to 50 min
post administration (Table 1). _

No clinically significant symptoms of a midazolam pir—
dose like respiratory depression or cardiovascular dep s-
sion were seen in any of the volunteers. No volunteer

complained of nausea or vomiting but approximately one
half of the subjects reported mild to moderate discomfort
and/or pain within either the nasal passage or throat area
following intranasal midazolam—cyclodextrin administra—
tion. Comparison of distribution of nose and throat dis-
comfort scores during and after study-drug administration

using Wilcoxson’s test, revealed (p < 0.05) significant dif-
ferences the first 4min after administration in the nasal

passage and the first 15 min in the throat area respectively
(Table 2). No clinically relevant changes in arterial oxygen
saturation, heart rate and blood pressure and following
both intravenous and intranasal midazolam administrations

were demonstrated. In both groups, all subjects had recov-

Table 2: Distribution of nose and throat discomfort scores after intranasal midazolam administration (n = 12)I___—_____—___—_______._.—_—_—.————————-——-——

 

 

 

Discom. Contr. Admin. Time in minutes after administration
score

—5 0 1 3 4 S 8 10 15 20 25 30
__________________._____________._—_—-——————-—-———

NOSE —Yalues 4
3 l 1
2 3 3 4 3 2 l
l 3 2 2 2 3 2 3
0 l2 5 6 6 7 7 9 9 12 12 l 2 12 1 2___________—____________.__.________———

* * a: * *

THROAT —Values 4
3 5 3 4 3 3 2
2 2 2 4 4 7 9 6
1 2 2 3 7
O 12 7 7 6 5 5 1 1 3 4 12 12 ‘ 12

=1: :1: a: * * * >1: :1:
 

* Comparison of distribution of discomfort scores between control (5 min before adm.) and post-administration using Mlcoxon’s test (*P < 0.05)
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ered from sedation and were fully awake and alert within
150—180 min of the initial drug administration.

3. Discussion

The nose is a unique route of drug delivery into the body.
The nasal cavity is highly accessible to sprays and drops,
there is a large surface area (approximately 160 cm2) [18]
through which absorption can occur. Intranasal midazolam
is absorbed through the highly vascularized nasal mucosa

[19, 20] directly into the systemic circulation, thus bypassing
first pass hepatic metabolism. This results in a faster peak
plasma concentration and a higher bioavailability than can
be achieved after oral or rectal administrations [21, 22].

The intranasal route has been extensively described and
the successful use of intranasal midazolam, although still
unlicensed via this route, has been reported in children
undergoing dental procedures [7], anaesthesia induction

[5, 22—25], and minor surgery [9, 26]. In adult patients,
intranasal midazolam has been used for the management
of claustrophobia during magnetic resonance imaging
[27], for endoscopic procedures [28] for dental surgery [6.
29] and this administration looks promising for short-term
management of seizures [30, 31].

This study demonstrates that it is possible to achieve ef-
fective intranasal delivery of midazolam using a drug de—
livery system based on cyclodextrin complexation with a
bioavailability of the midazolam—cyclodextrin-nasal spray
of 64 i: 19%. In a previous study in six healthy volunteers
the bioavailability of the nasal spray was determined to be
73 :l: 7% [13]. There are some indications that the abso—

lute bioavailability of midazolam from the nasal cavity is
dose dependent, i.e. that the bioavailability increases
somewhat with increasing close but this study was the first
clinical trial for this nasal-spray formulation and therefore

the dose was kept at a minimum (0.06 mg/kg). Compara-
tive pharrnacokinetic studies in adults demonstrate that
bioavailability after oral administration is from 44% to

68% [32, 33] (depending on dose given) and a single re—
port of pharmacokinetic data following buccal administra-
tion of 5 mg midazolam in adults shows a bioavailability
of 74.5% [34]. Another single report of pharrnacokinetic
data following intranasal administration of midazolam
(0.15 mg/kg body weight) in adults demonstrates that un-
der optimal conditions absorption of midazolam via the
nasal mucosa can be virtually complete, with a bioavail-

ability of 83% [35] but more often a combined nasal/gas—
trointestinal absorption occurs, following intranasal mida-
zolam administration, due to the large volume used, with
a bioavailability quoted between 50 and 57% [24, 36].

This new, more concentrated (17 mg/ml) nasal spray for-
mulation made it possible to obtain clinically sedative ef-
fect in adult patients using only 200—300 ul (based on
body weight) compared with 2—3 ml, using the conven-
tional intravenous (5 mg/ml) solution [29, 36, 37]. The
sedation levels in our study were evaluated under ideal
circumstances with no adverse stimuli and the clinical ef—
fect documented based on the individual sedation assessed

by the participants. Approximately 10—15 min following
administration of the nasal spray seven out of twelve parti-
cipants demonstrated satisfactory sedation status where as
the other participants experienced minor or no sedative
effects throughout the study, so clearly the individual re—
sponses to midazolam plasma concentration differ, accord—

ing to our study. The same subgroup of participants had a
clinical sedative effect from both intranasal and intrave-

nous administration and the other subgroup found no se—

Pharmazie 56 (2001) 12

dative effect from every formulation, which indicates the

individual difference in people’s response to midazolam.
Additionally a relationship between plasma midazolam
concentration and clinical effects could not been clearly
established, following either intranasal or intravenous ad-

ministration, but some researchers suggest that sedation
may be associated with plasma midazolam concentrations
greater than 30—100 ng/ml [38, 39].
The administration time for this new nasal-spray-formula-
tion was less than 1 min. The majority of the participants
reported mild to moderate irritation within the nasal pas-
sage and/or throat area following nasal—spray administra-
tion. The irritation is most likely due to the bitterness of
midazolam. Based on a preliminary double blind/rando-
mised study six volunteers could not differentiate between

saline and the vehicle administered intranasally by a Pfeif—
fer, “unit dose” device. Evaluation of subjective irritation
is always difficult but discomfort level in our study was
scored mild to moderate that is not as severe as previously
reported [9, 12, 40]. No other side effects were observed

in the nose and local symptoms such as sneezing and
coughing were not observed in this study.
In conclusion, the pharrnacokinetic data presented in our
study demonstrate that the midazolam-cyclodextrin nasal
spray formulation approaches the intravenous form in
speed of absorption and serum concentration. By formulat-
ing midazolam in a solution containing sulfobutylether-[B-
cyclodextrin and hydroxypropyl methylcellulose, the solu—

bility is increased dramatically at a higher pH (pH 4.3)
and this unique property, as well as the ease of administra-

tion, offers significant advantages over currently used
treatment modalities for sedation.

4. Experimental
4.1 Materials and methods

Sulfobutylether—B-cyclodextrin was kindly donated by CyDex Inc. (USA),
hydroxypropyl methylcellulose 4000 was obtained from Mecobenzon
(Denmark) and midazolam from Sifa (Ireland). All other chemicals used
were of pharmaceutical grade (European Pharmacopeia, 3rd Edition,
1997). The midazolam nasal spray was formulated in a sulfobutylether-[S-
cyclodextrin-hydroxypropyl methylcellulose aqueous solution. Midazolam
base (1.7 g) was added to 100 m1 of an aqueous solution containing 14 g
sulfobutylether-[S-cyclodextrin, 0.1 g hydroxypropyl methylcellulose, 0.02 g
benzalkonium chloride, 0.1g ethylenediaminetetraacetic acid and 0.73 g
phosphoric acid. The pH of the formulation was adjusted to pH 4.20—4.35
with sodium hydroxide. The solution was heated in an autoclave at 121 °C
for 40 min to promote the complexation [13, 16]. The resulting solution
was then filtered through a 0.45 urn membrane and aseptically divided into
amber crimp cap vials. Finally, the vials and their contents were sterilised
in an autoclave at 121 °C for 20 min. The nasal spray was prepared at the
facilities of Icelandic Pharmaceuticals (Iceland).

4.2. Study protocol

The protocol was an open crossover trial, approved by the local ethics
committee of the National University Hospital and the State Committee on
Pharmaceuticals in Iceland. Before enrolment, all volunteers gave written
informed consent. Twelve healthy volunteers were chosen among 18 Cau-
casian students who applied for participation, on the basis of normal liver
and kidney function. as reflected in normal creatinine and bilirubin blood
values and no history or signs of a cold within the two weeks prior to the
first experimental day. They were prohibited from using any drugs with
known metabolic interactions with midazolam such as tranquilizers or alco-
hol 2 days prior to and during the study. The mean age of the volunteers
was 25.8 years (range 19—37 years) and the mean weight was 73.0 kg
(range 55—92 kg). Five female and seven male volunteers were included in
this study. Volunteers reported to the study unit at 10:00 AM each study
day after an 8—hour fasting period. They continued to fast until 2h after
administration of the study drug. Electrocardiography and blood oxygena—
tion monitors were affixed and an intravenous cannula inserted into a fore-

arm vein for collection of blood samples. Baseline blood samples were
obtained 5 min prior to administration of the study medication, according
to protocol. The participants received either intravenous or intranasal appli-
cation in the first part of the study and the other application was carried

965

AQUESTIVE EXHIBIT 1127 Page 000

 
5
4—

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


Real-Time Litigation Alerts
	� Keep your litigation team up-to-date with real-time  

alerts and advanced team management tools built for  
the enterprise, all while greatly reducing PACER spend.

	� Our comprehensive service means we can handle Federal, 
State, and Administrative courts across the country.

Advanced Docket Research
	� With over 230 million records, Docket Alarm’s cloud-native 

docket research platform finds what other services can’t. 
Coverage includes Federal, State, plus PTAB, TTAB, ITC  
and NLRB decisions, all in one place.

	� Identify arguments that have been successful in the past 
with full text, pinpoint searching. Link to case law cited  
within any court document via Fastcase.

Analytics At Your Fingertips
	� Learn what happened the last time a particular judge,  

opposing counsel or company faced cases similar to yours.

	� Advanced out-of-the-box PTAB and TTAB analytics are  
always at your fingertips.

Docket Alarm provides insights to develop a more  

informed litigation strategy and the peace of mind of 

knowing you’re on top of things.

Explore Litigation 
Insights

®

WHAT WILL YOU BUILD?  |  sales@docketalarm.com  |  1-866-77-FASTCASE

API
Docket Alarm offers a powerful API 
(application programming inter-
face) to developers that want to 
integrate case filings into their apps.

LAW FIRMS
Build custom dashboards for your 
attorneys and clients with live data 
direct from the court.

Automate many repetitive legal  
tasks like conflict checks, document 
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks 
for companies and debtors.

E-DISCOVERY AND  
LEGAL VENDORS
Sync your system to PACER to  
automate legal marketing.


