
Vol.:(0123456789)

Drugs in R&D (2021) 21:361–369 
https://doi.org/10.1007/s40268-021-00360-5

REVIEW ARTICLE

Improvement of Intranasal Drug Delivery with  Intravail® 
Alkylsaccharide Excipient as a Mucosal Absorption Enhancer Aiding 
in the Treatment of Conditions of the Central Nervous System

Adrian L. Rabinowicz1  · Enrique Carrazana1  · Edward T. Maggio1 

Accepted: 8 August 2021 / Published online: 25 August 2021 
© The Author(s) 2021

Abstract
Intranasal drug administration is a commonly used route for therapeutic formulations, but there may be challenges associ-
ated with a lack of absorption and bioavailability, as well as damage to mucosal tissue. To address these issues, potential 
absorption enhancers that are generally nonirritating to nasal mucosal tissue have been investigated as excipients in intranasal 
formulations. Among those studied are alkylsaccharides, which are composed of sugars covalently coupled to at least one 
alkyl chain. Alkylsaccharides have been shown to be nontoxic and have been used in food products as emulsifiers. In clinical 
trials, alkylsaccharide excipients have demonstrated substantially increased absorption of therapeutic agents across mucosal 
membranes and have been shown to be applicable to a wide range of types of molecules and molecular weights. Because 
they are water and oil soluble, alkylsaccharide excipients can be used in formulations with both hydrophilic and hydrophobic 
drugs. They are also effective in safely stabilizing protein therapeutics. An example of an alkylsaccharide excipient is dodecyl 
maltoside  (Intravail®; 511 Da, stable long term when stored cold), which provides absorption enhancement by paracellular 
and transcellular routes. Dodecyl maltoside has been shown to be generally nonirritating to the nose and to promote sys-
temic bioavailability. Dodecyl maltoside is used in US Food and Drug Administration-approved intranasal formulations of 
sumatriptan for migraine headaches and diazepam nasal spray for patients with epilepsy with acute seizure clusters.

Plain Language Summary
Nasal sprays can offer an easy and efficient route to deliver drugs. The nose can absorb drugs into the bloodstream quickly, 
and sprays require less patient training than injection or rectal treatments. However, the nasal cavity is small, and the spray 
must be concentrated and easily absorbed. Alkylsaccharides may enhance absorption in the nose. They have a good safety 
profile and are used in foods. Intravail® alkylsaccharides include dodecyl maltoside and tetradecyl maltoside. Nasal medica-
tions with dodecyl maltoside had drug concentrations and safety similar to injectable forms. Dodecyl maltoside is used in US 
Food and Drug Administration-approved nasal sprays for migraine (sumatriptan [Tosymra®]) and seizure clusters (diazepam 
[Valtoco®]). Dodecyl maltoside is also being tested in nasal sprays with other drugs that are absorbed too poorly or slowly 
on their own. With these new formulations, doctors and patients have more treatment choices and can select the best option.
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Key Points 

Intranasal drug administration is an attractive route for 
therapeutic formulations, but there may be challenges 
associated with a lack of absorption and bioavailability.

Dodecyl maltoside is a proprietary alkylsaccharide that 
can be used with both hydrophilic and hydrophobic 
drugs and has demonstrated improved delivery of small 
molecules, peptides, and proteins and improved bioavail-
ability of drugs for nasal administration, addressing the 
challenges of bioavailability of intranasal formulations.

Two intranasal formulations using dodecyl maltoside 
have been approved by the US Food and Drug Admin-
istration (sumatriptan nasal spray for migraine and 
diazepam nasal spray for epilepsy seizure clusters), and 
dodecyl maltoside is recognized as generally safe for oral 
administration and may have potential in oral and other 
pharmaceutical applications.

1 Introduction

The nasal cavity can be an attractive target for systemic 
drug delivery because of the potential ease of administration 
through nasal spray devices [1], as shown through experi-
ence with such drugs as intranasal (IN) corticosteroids for 
allergic rhinitis [2]. Although most of the current drugs for 
IN administration are topical therapies, this route of delivery 
can provide systemic exposure, via highly vascularized and 
relatively permeable mucosa, while reducing gastrointesti-
nal side effects and eliminating first-pass metabolism, thus 
providing an alternative to oral or parenteral administration 
[3–6].

Intranasal formulations have the potential for rapid 
absorption and onset of action [4, 7], which is ideal for 
medical conditions requiring rapid-acting drugs, such as 
migraines, other types of pain, seizure emergencies, panic 
attacks, cardiovascular events, and narcotic overdose [8, 9]. 
Rapid initiation also makes IN formulations useful alterna-
tives to intravenous drugs in emergency departments [10] 
and for administration outside a hospital setting. Additional 
advantages of IN administration include the potential for 
direct delivery to the brain, bypassing the blood–brain bar-
rier [11–13]. Formulation is a key determinant of the per-
formance of a drug and therapeutic effectiveness, and water-
insoluble agents, as well as hydrophilic substances with low 
permeability, present challenges that may necessitate tai-
lored strategies [6, 14]. In particular, absorption-enhancing 

excipients may be important for achieving therapeutic drug 
concentrations; however, substantial nasal mucosal toxicity 
has been shown to occur with many potential agents [15, 16]. 
The objective of this review is to summarize the data from 
studies examining the use of the excipient dodecyl malto-
side (DDM;  Intravail®) to improve the rapid absorption and 
delivery of acute-care medications for the treatment of cen-
tral nervous system disorders including cluster seizures or 
migraine headaches.

2  Nasal Anatomy

The physical anatomy of the nose can be exceptionally con-
ducive to drug delivery because there is sufficient surface 
area within the nose, approximately 160  cm2, with approxi-
mately 15 mL of total cavity volume [17]. Nasal cavity 
microvilli protrusions of the cellular membrane increase the 
surface area of cells and facilitate the absorption of drugs 
[17]. There is potential for nose-to-brain delivery owing to 
the presence of the first (olfactory) and fifth (trigeminal) 
cranial nerves via intracellular, transcellular, and paracel-
lular transport [17, 18]. Although olfactory filaments reach 
through the nasal mucosal surface, those of the trigeminal 
nerve are beneath the line of tight junctions [18, 19].

2.1  Obstacles to IN Administration

The nasal anatomy may present obstacles that can limit 
IN drug administration. The volume of a drug formulation 
that can be administered in one dose is limited to 100–150 
μL because of the size and anatomy of the nasal cavity [4]. 
Intranasal administration also may be limited by the func-
tion of ciliated cells that rapidly sweep the mucus coat to 
the throat in a process called ciliary clearance, providing a 
short window for absorption of nasal formulations (15–20 
min) [17, 20]. Additionally, molecule size has a role in 
absorption. In the natural state, nasal mucosal absorption 
decreases as molecular weight increases, with a cut-off point 
of 1000 Da, effectively excluding larger molecules [21, 22]. 
Additionally, lipophilicity is an important factor controlling 
diffusion, especially for smaller molecules [4]. Generally, 
drugs of greater lipophilicity will diffuse across biological 
membranes faster than drugs of lower lipophilicity [15].

2.2  The Role of Absorption Enhancers

Administration of IN formulations that include absorption 
enhancers in the form of excipients may increase permea-
tion and allow for larger sizes of absorbable molecules up 
to 30,000 Da [22, 23]. However, it has been a challenge to 
identify nonirritating excipients with adequate solubility. 
Hundreds of nasal absorption enhancers have been tested, 



363Intranasal Drug Delivery with Alkylsaccharide Excipients as Mucosal Absorption Enhancers

but almost all of them have been shown to cause substantial 
or serious damage to the nasal mucosa [19, 23–25].

3  Alkylsaccharide Excipients

Alkylsaccharides are compounds that consist of sugars cova-
lently coupled to at least one alkyl chain [23]. Alkylsaccha-
rides are safe, nontoxic, odorless, tasteless, nonmutagenic, 
and nonsensitizing in the Draize test at concentrations of up 
to 25%; they are commonly used as food emulsifiers [23]. 
Some alkylsaccharides have shown promise as absorption 
enhancers [23].

Dodecyl maltoside (511 Da) and tetradecyl maltoside 
(TDM; 539 Da) are closely related longer-chain, efficient 
alkylsaccharide absorption enhancers (collectively desig-
nated as  Intravail®; Neurelis, Inc.; San Diego, CA, USA) 
[23, 26]. Dodecyl maltoside and TDM are proprietary trans-
mucosal-absorption enhancers. Maltose is a diglucose that 
metabolizes to glucose, and DDM also includes dodecanol, 
a fatty alcohol that is an organic compound manufactured 
from palm or coconut oil, which metabolizes to the fatty acid 
lauric acid, a common component of triglycerides [23]. The 
C12 and C14 alkyl chains of DDM and TDM, respectively, 
provide maximal and nearly identical absorption enhance-
ment effects [24]. In contrast, longer and shorter alkyl chains 
are substantially ineffective [24, 27]. In addition to its use in 
nasal sprays, DDM has applications in oral routes of admin-
istration [23]. Although some preclinical in vitro toxicity 
experiments of DDM have produced equivocal results, clini-
cal studies of drug formulations with DDM have detected no 
remarkable mucosal toxicity [24, 28–32]. One in vitro study 
making quantitative comparisons relative to Triton X-100, 
which served as a cytotoxic control, detected lactate dehy-
drogenase release, a measure of toxicity (20% considered 
nontoxic [24]), of 24–28% for 0.1% concentrations for 1 h 
(approximately four-fold longer than the time of mucocili-
ary clearance) outside the nasal environment [23, 24]. In an 
in vitro study, DDM enhanced the permeability of insulin 
in human adenocarcinoma cells (T-84 and Caco-2) without 
causing damage to the cells [32].

In vitro studies may provide useful comparative data in 
analyzing multiple absorption enhancement candidates. 
However, in addition to longer than normal exposure times, 
in vitro studies often rely on static contact between test cells 
and the aqueous media containing the test substance, typi-
cally in microtiter wells, which does not reflect the natural 
dynamic biological environment found in healthy airway 
surfaces. These surfaces are lined with continuously beating 
ciliated epithelial cells and covered with a two-component 
surface layer comprising a mucus layer that entraps inhaled 
particles and foreign pathogens and a low-viscosity pericili-
ary layer that lubricates and continuously cleans the airway 

surface [33]. Dodecyl maltoside is generally recognized as 
safe for oral administration [23].

Another relevant property of alkylsaccharide excipients 
is their ability to stabilize protein therapeutics and reduce 
aggregation owing to low critical micelle concentrations 
[34]. By binding to hydrophobic regions on the protein 
surface, nonionic surfactants like DDM/TDM ultimately 
reduce intermolecular protein interactions to confer surface-
induced anti-aggregation activities [35]. Dodecyl maltoside 
has been shown to inhibit the aggregation of peptides [34, 
35] and proteins [36], while also increasing the stability and 
solubilization of lyophilized peptides [36]. Other nonionic 
surfactants, including the polysorbate PS-20, have been con-
sidered in protein pharmaceutical formulations as IN sur-
factants; however, recombinant human interferon β-1b has 
been shown to be less stable and more prone to aggregation 
by light with PS-20 compared with DDM [35]. Polysorbates, 
which contain ether linkages that rapidly auto-oxidize into 
peroxides, epoxy acids, and reactive aldehydes, may induce 
immunogenicity [37]. Dodecyl maltoside and other absorp-
tion enhancers were evaluated as surfactants to overcome the 
challenges of solubility, bioavailability, and tolerability of IN 
formulations [16]. Anesthetized male Sprague-Dawley rats 
were given 36 mg/mL of Homo sapiens-derived antibody 
Fc fragment at pH 7.4 as a component of the formulations 
of the surfactants. The liquid formulations were nasally 
administered over 1 min as a 50-mL bolus via microcannula 
inserted into the nostril. After 20 min, cardiac puncture was 
performed, and brain and other tissues were collected and 
analyzed for the Homo sapiens-derived antibody Fc frag-
ment content. Dodecyl maltoside had the highest increase in 
nose-to-brain concentration with a small range of variability 
and minimal or mild nasal toxicity (Table 1) [16].

4  Alkylsaccharide/DDM Mechanism 
of Action

Because DDM is soluble both in water and oils, it can 
be used in the formulations of hydrophilic and hydropho-
bic drugs [38]. Two mechanisms of action for absorption 
enhancement with DDM have been suggested, through par-
acellular and transcellular routes [38]. First, as with many 
alkylsaccharides, it promotes transient loosening of tight 
cell junctions that allows permeation of the mucosal bar-
rier [23], as shown in Caco-2 intestinal cells [39], human 
bronchial epithelial cells [40], T-84 and Caco-2 human 
carcinoma cells [32], and epithelial tissue [24]. This loos-
ening of junctions is transient, and as the tight junctions 
close, they block progressively smaller molecules (Fig. 1) 
[23]. The alkylsaccharide TDM has been shown to work 
long enough to facilitate drug absorption, after which the 
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normal protective epithelial layer is restored [41]. Second, 
transcellular transport via vesicle carriers also has been 
demonstrated with TDM in rats (Fig. 2) [23] and with 
DDM in a porcine jejunal mucosal explant system [38, 42]. 
Dodecyl maltoside enables the noninvasive delivery of a 
broad range of small-molecule drugs, peptides, and thera-
peutic proteins, through permeation of the nasal mucosal 
barrier that is controlled and transient without irritation 
[38].

5  Preclinical Studies with IN Formulations

In animal studies, TDM was found to increase the IN 
absorption of calcitonin [25] and of the low-molecular-
weight heparins enoxaparin and dalteparin [43, 44]. In the 
calcitonin study, levels were measured in rats at various 
times after nasal administration of the formulation with 
TDM or the controls with saline or 0.125% octylmaltoside. 
Alkyl chain length is associated with a balance between 

Table 1  Characteristics of agents to facilitate intranasal administration [16]

hFc Homo sapiens-derived antibody Fc fragment, ND not done, PBS phosphate-buffered saline, w/v weight/volume concentration
a Mean fold increase in brain delivery efficiency of nasally administered hFc relative to control formulation (PBS; pH 7.4 and 36 mg/mL of hFc)

Absorption enhancer Concentration Mean fold increase in 
brain  deliverya

Variability of mean fold 
increase (range)

Nasal 
mucosal 
toxicity

Chitosan glutamate 0.5% w/v 6.1 3- to 11-fold No
Decyl maltoside 0.5% w/v 4.3 ND No
Dodecyl maltoside 0.25% w/v 7.6 6- to 9-fold No
Propylene glycol 10–20% 4.5 4- to 10-fold No
Heptakis-(3-O-methyl-2,6-di-O-pentyl)-β-

cyclodextrin
5% w/v 3.1 ND Yes

1,2 Didecanoyl-glycero-3-phosphocholine 2% w/v (as oil emulsion) 9.6 ND Yes
Glycocholate 1% w/v 17.6 ND Yes
Taurocholate 1% w/v 14 ND Yes
Tauroursodeoxycholate 1% w/v 4 ND Yes
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Fig. 1  Loosening of tight mucosal junctions is reversed within 2 h 
after application of calcitonin with tetradecyl maltoside and somat-
ropin with tetradecyl maltoside. The top line shows the drugs and 
tetradecyl maltoside administered together; other lines show tetra-
decyl maltoside administered alone first and drugs 60 and 120 min 
thereafter [41]. For calcitonin, the smaller of the two drugs (4 kDa), 
absorption is reduced after 60 and 120 min, indicating that the tight 
junctions are still partially open. In the case of somatotropin (22 

kDa), the junctions are sufficiently closed at 60 min to prevent drug 
absorption. Reprinted from Journal of Pharmaceutical Sciences, 99 
(4), John J. Arnold, Michael D. Fyrberg, Elias Meezan, Dennis J. Pil-
lion, Reestablishment of the Nasal Permeability Barrier to Several 
Peptides Following Exposure to the Absorption Enhancer Tetradecyl-
β-D-Maltoside, pages 1912-1920, Copyright (2010), with permission 
from Elsevier
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hydrophilic and lipophilic characteristics as well as criti-
cal micelle concentrations. Octylmaltoside, as a medium-
chain alkylsaccharide, exhibits lower lipophilicity com-
pared with the more lipophilic long-chain alkylsaccharide 
TDM [25]. The controls provided little or no absorption, 
whereas calcitonin levels were increased with 0.125% or 
0.25% TDM formulations [25]. One low-molecular-weight 
heparin study compared rats administered enoxaparin or 
dalteparin in formulations with or without TDM (0.25%). 
The formulations with TDM showed a significant increase 
in area under the curve and peak plasma concentration for 
anti-Factor Xa activity, higher bioavailability, and rapid 
reversibility compared with saline alone [43]. In a sub-
sequent study, rats were administered nasal formulations 
with different combinations of enoxaparin and four alky-
lmaltosides, including DDM and TDM. Alkylmaltosides 
increased absorption in a dose-dependent manner, with 
rapid reversibility [44].

6  Clinical Trials of IN Formulations 
with DDM

6.1  Drugs Currently Approved by the US FDA

6.1.1  Sumatriptan Nasal Spray with DDM (Tosymra®)

Dodecyl maltoside is used as an excipient in US Food 
and Drug Administration (FDA)-approved medications. 
Sumatriptan nasal spray with DDM is approved for the 
treatment of acute migraine headaches with or without aura 
in adults [45]. Based on its components, and that it breaks 
down to glucose and a natural fatty acid, DDM might be pre-
dicted to have a benign safety profile, and this has been dem-
onstrated in clinical trials in which DDM has been combined 

with therapeutic agents. In a double-blind, placebo-con-
trolled, two-period study of sumatriptan 10 mg with 0.20% 
DDM in 107 patients with migraine [46], patients adminis-
tered IN sumatriptan with a single-use device delivering a 
100-µL spray and recorded outcomes in an eDiary. Approxi-
mately 2% of patients in the first period and 2.7% in the 
second period experienced application-site pain with active 
medication vs none for both periods with placebo [46]. In an 
open-label single-dose study of diazepam nasal spray with 
DDM in 57 patients experiencing seizures under seizure and 
nonseizure conditions, 3.5% of patients reported nasal dis-
comfort [29]. In a 6-month safety study of IN sumatriptan 10 
mg with DDM, 51 of 167 (30.5%) patients experienced nasal 
burning or stinging at least once, usually mild. Application-
site reaction and irritation were modest: 5.4% and 4.2%, 
respectively [30]. In an interim analysis of a long-term (12-
month) phase III safety study of diazepam nasal spray with 
DDM, mild and transient nasal discomfort was reported in 
5.3% of patients [47]. Scores for nasal irritation, rated by a 
trained observer, were similarly mild and transient, and there 
were no clinically relevant olfactory changes [47]. These 
studies did not compare the active drug containing DDM 
with DDM alone; thus, whether any of these adverse events 
were related to DDM was not determined.

In a randomized, preapproval three-way crossover study 
(n = 18) comparing sumatriptan 10 mg with 0.20% DDM vs 
IN sumatriptan 20 mg without DDM, absorption was much 
more rapid with the DDM formulation (time to maximum 
plasma concentration [tmax] 15 min for the DDM formulation 
monodose, 10.2 min for the DDM formulation multidose, 
and 2 h for the IN sumatriptan 20-mg dose without DDM 
[with an earlier peak reflecting nasal absorption and a sec-
ond peak suggesting absorption of a swallowed portion of 
the dose across intestinal mucosa]; Fig. 3) [31]. In a phase 
I, open-label, randomized, single-dose, three-way crossover 
study of relative bioavailability, pharmacokinetic outcomes 
were compared for IN sumatriptan with DDM (n = 73) and 
4 and 6 mg of subcutaneous sumatriptan without DDM (n 
= 75 each) in healthy subjects [31]. The median tmax was 
significantly faster with IN sumatriptan with DDM (10 min 
[range 5–23 min]) than with subcutaneous sumatriptan 4 
mg (15 min [range 5–30 min]) or sumatriptan 6 mg (15 min 
[range 5–26 min]; p < 0.0001 for IN sumatriptan vs both) 
[31].

6.1.2  Diazepam Nasal Spray with DDM (Valtoco®)

Diazepam nasal spray with DDM is approved for the acute 
treatment of intermittent stereotypic seizure clusters in 
patients with epilepsy 6 years of age and older [48]. In a 
preapproval, open-label crossover pharmacokinetic study 
of 24 healthy volunteers comparing diazepam nasal spray 
with diazepam IN suspension and intravenous diazepam, 

Without Alkylsaccharide With Alkylsaccharide

nn

cccc
vv

cccc
gcgc

nn
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Fig. 2  Electron microscopy showing rat mucosa before and 10 min 
after administration of tetradecyl maltoside 0.125% showing vesicle 
formation [41]. cc ciliated cell, gc goblet cell, n nucleus, v vesicle. 
Adapted from Journal of Pharmaceutical Sciences, 99 (4), John J. 
Arnold, Michael D. Fyrberg, Elias Meezan, Dennis J. Pillion, Rees-
tablishment of the Nasal Permeability Barrier to Several Peptides 
Following Exposure to the Absorption Enhancer Tetradecyl-β-D-
Maltoside, pages 1912-1920, Copyright (2010), with permission from 
Elsevier
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diazepam 10-mg nasal spray with DDM had an absolute 
bioavailability of 97% compared with 67% for the 10-mg IN 
suspension and similar variability in area under the curve to 
that of intravenous diazepam (Fig. 4) [49]. In an open-label 
randomized crossover study in 48 healthy subjects, overall 
variability in area under the curve from time 0 to infinity and 
peak plasma concentration were lower with diazepam nasal 
spray than with diazepam rectal gel [28]. Measurable plasma 
concentrations of diazepam were seen for diazepam nasal 
spray with DDM by the first measurement point (10 min) 
[28]. In 57 patients with epilepsy with seizure clusters, the 
pharmacokinetics of diazepam nasal spray with DDM was 
found to be similar in the seizure and nonseizure state [29].

6.2  Drugs in Development

Nalmefene nasal spray with DDM is in development for the 
treatment of synthetic opioid overdose. The pharmacokinet-
ics of IN administration of the opiate antagonist nalmefene 
3 mg with or without DDM and intramuscular nalmefene 
1.5 mg was compared in healthy volunteers (n = 14) [50]. 
The tmax of IN nalmefene with DDM was 15 min compared 
with 2 h for IN nalmefene alone and 20 min for intramus-
cular nalmefene. Peak plasma concentration was increased 
2.2-fold with IN nalmefene with DDM (4.45 ng/mL) vs 
IN nalmefene without DDM (1.99 ng/mL). Area under the 
curve from time 0 to the last quantifiable concentration was 
increased to 15.2 ng·h/mL for IN nalmefene with DDM vs 
12.7 ng·h/mL for IN nalmefene without DDM. Adverse 
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Fig. 3  Change in sumatriptan plasma concentration over time after 
administration of intranasal sumatriptan with dodecyl maltoside 
(DDM) or intranasal sumatriptan without DDM [31]. Cp plasma con-
centration. Reprinted from Headache: The Journal of Head and Face 
Pain, 56(9), Sagar Munjal, Anirudh Gautam, Elliot Offman, et al., A 

Randomized Trial Comparing the Pharmacokinetics, Safety, and Tol-
erability of DFN‐02, an Intranasal Sumatriptan Spray Containing a 
Permeation Enhancer, With Intranasal and Subcutaneous Sumatriptan 
in Healthy Adults, Copyright (2016), with permission from John 
Wiley and Sons
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events were mild, with no changes in sense of smell noted 
[50].

Naltrexone nasal spray with DDM is in development to 
treat alcohol use disorder. In a study of healthy volunteers 
(n = 14), the addition of DDM to IN naltrexone decreased 
tmax from 30 to 10 min and increased peak plasma concentra-
tion approximately three-fold (Fig. 5). Adverse events were 
generally mild, and nasal irritation scores were clinically 
normal throughout the study [9].

7  Discussion

Intranasal administration is an appealing option that pro-
vides ease of administration for drugs that require a rapid 
onset of action as well as for biologics that otherwise must 
be administered by injection. A potential challenge to IN 
drug administration is the ability to increase absorption 
through the nasal mucosa, particularly with large-molecule 
and lipid-soluble drugs, without causing nasal toxicity, and 
alkylsaccharides may address this need.

Alkylsaccharide excipients such as DDM are solu-
ble in water and oils and are generally nonirritating and 
nondamaging to mucosal tissue [38]. These excipients 
markedly enhance absorption to address suboptimal bio-
availability or route-of-administration issues with minimal 

administration-site adverse effects. Dodecyl maltoside has 
been shown to be a functional absorption-enhancing excipi-
ent that transiently and reversibly loosens tight junctions 
between cells as well as functioning by transcellular routes 
[23]. Studies of drug formulations with low DDM concentra-
tions (< 0.5%) have demonstrated improved bioavailability 
following nasal administration of a wide range of molecules 
up to 30,000 Da, including therapeutic proteins, peptides, 
and small-molecular-weight molecules, through increased 
absorption across mucosal membranes [22, 23]. Alkylsac-
charide excipients also help stabilize protein therapeutics 
by safely inhibiting protein aggregation, [34–36] potentially 
decreasing the formation of neutralizing proteins [34, 36].

Two IN formulations using DDM have been approved 
by the FDA: sumatriptan nasal spray for migraine and diaz-
epam nasal spray for epilepsy seizure clusters. Sumatriptan 
with DDM has been shown to be more rapidly absorbed 
than without DDM [31]. Absolute bioavailability of the IN 
diazepam formulation in healthy volunteers was 97%, and 
the drug was generally well tolerated with less intrapatient 
variability than rectal diazepam [28, 49]. Additional IN for-
mulations with DDM are currently being investigated.

8  Conclusions

The nasal route of administration can provide important 
advantages for access and speed of drug delivery in acute 
situations and emergencies; however, rapid absorption and 
optimized bioavailability present a challenge to IN drug 
formulations. The potent and proprietary alkylsaccharide 
absorption enhancer DDM has demonstrated improved 
delivery of small molecules, peptides, and proteins, as 
well as bioavailability of drugs for nasal administration, 
addressing the challenges of bioavailability of IN formula-
tions. Because DDM is soluble both in water and oils, it can 
be used in the formulations of hydrophilic and hydropho-
bic drugs. Furthermore, it inhibits the aggregation of pro-
teins and peptides, with implications for drug stability and 
reduced immunogenicity, and avoids the auto-oxidization 
of ether linkages in polysorbate surfactants that contribute 
to formulation-associated anaphylaxis for many protein 
therapeutics. This is particularly relevant today considering 
the rapidly growing role of protein therapeutics, in particu-
lar, monoclonal antibodies, in treating a broad spectrum of 
cancers and immune system-related diseases. The accepted 
safety of DDM, despite its recent introduction, is confirmed 
by its status as being generally recognized as safe for oral 
administration and by the FDA approval of the nasally 
administered drugs sumatriptan and diazepam. Additional 
nasal formulations are in development for emergency and 
non-emergency use in the community setting, and DDM may 
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Fig. 5  Plasma concentrations of naltrexone following intranasal 
administration with and without dodecyl maltoside (DDM) [9]. 
Reprinted from The Journal of Clinical Pharmacology, 59(7), Philip 
Krieter, Shwe Gyaw, C. Nora Chiang, et  al., Enhanced Intranasal 
Absorption of Naltrexone by Dodecyl Maltopyranoside: Implications 
for the Treatment of Opioid Overdose, Copyright (2019), with per-
mission from John Wiley and Sons
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have potential in oral, buccal, dermal, and other pharmaceu-
tical applications as well.
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