K perplexity

oxytocin expiry/loss of effectiveness after
reconstituting in aqueous solution

Oxytocin is materially less stable once it is dissolved in water, but there is no single expiry
period that applies to every “reconstituted oxytocin” preparation. Its usable life depends
heavily on the solvent, pH, temperature, sterility/preservative system, light exposure,
concentration, and whether you mean chemical potency versus microbiological safety.

For a prescribed or compounded product, the pharmacy/manufacturer’s labelled beyond-use
date is the only appropriate date to rely on.

What drives potency loss

Oxytocin is a cyclic peptide that can degrade in aqueous solution through several routes,
including hydrolysis, oxidation, and pH-driven chemical changes. The dominant practical

variables are:

e Temperature: warmer storage accelerates degradation.

* pH: oxytocin has greatest chemical stability in a mildly acidic range—approximately pH 3-
5. Near-neutral solutions can be less forgiving, depending on buffer and formulation. 2 2

¢ Formulation: official oxytocin injection products are not simply “peptide plus water”; they
may be buffered and contain stabilizers or preservatives.

¢ Light and air exposure: light exposure and oxygen can contribute to degradation,
especially over time.

* Repeated vial entry: each puncture increases contamination risk; preservative-free
solutions are especially problematic from a sterility standpoint even if some peptide
potency remains.

* Freeze-thaw cycling: repeated cycles should be avoided. If a research solution legitimately
needs longer storage, small single-use aliquots are generally preferable to repeatedly
warming and refreezing one vial.

What the evidence supports

There is a major distinction between commercial sterile oxytocin injection and an
improvised/research reconstitution:



Situation What can reasonably be said

. . Follow its exact label. Product labels differ: some specify refrigerated storage, while
Manufacturer-supplied oxytocin . . .
others specify controlled room temperature, reflecting formulation and package-

injection in its original sealed vial
) & specific stability data. EIgC

o . . One Canadian product monograph states stability for 24 hours in these infusion
Oxytocin diluted into 0.9% saline or 5% . . > o .
. . . solutions; this is a prepared clinical dilution window, not proof that a home-
dextrose for clinical administration . . . . . 3
reconstituted vial remains potent or sterile for the same time. 1!

Published, product-specific long-term stability data are limited. Treat it as short-term

Lyophilized h oxytoci
yophilized/research oxytocin unless the supplier has supplied validated assay data for the exact diluent,

dissolved in plain sterile water or saline . . .
concentration, vial, and storage conditions.

Aqueous solution held at room Avoid as a routine storage condition. Room temperature increases uncertainty and
temperature degradation rate; a brief handling interval is not equivalent to sustained warm storage.

. . Refrigeration slows loss but does not create a universal “weeks-long” expiry. The
Refrigerated aqueous solution o . o .
correct endpoint is the validated label/BUD for that specific preparation.

The available literature on finished pharmaceutical oxytocin shows that well-formulated
products can tolerate considerable exposure under some conditions; for example, a study of
finished preparations found little loss after months at 25-30 °C for certain products, whereas
heat caused greater deterioration. Those results should not be generalized to an unbuffered,
independently reconstituted peptide solution. &

Practical handling approach

If you are dealing with a legitimate nonclinical research preparation rather than a labelled
medication:

1. Keep the dry powder sealed, dry, protected from light, and stored according to the
supplier’s validated instructions.

2. After reconstitution, keep the solution cold and light-protected.

3. Use a diluent only if it is compatible with the intended purpose and supported by the
product documentation. “Aqueous” can mean sterile water, saline, bacteriostatic water, a
buffer, or a formulated injection—and those are not interchangeable for stability or safety.

4. Record the reconstitution date, diluent, concentration, storage temperature, and number
of vial punctures.

5. Use small aliquots if you need to minimize repeat warming, handling, and freeze-thaw
exposure.

6. Do not infer potency from appearance. A clear solution can still have meaningful peptide
degradation; conversely, cloudiness, particles, color change, a compromised seal, or an
uncertain storage history are reasons not to use it.

7. Do not use “potency” as the only decision criterion: contamination and endotoxin risks can
make a solution unsuitable even when a laboratory assay might show substantial
remaining oxytocin.



Bottom line
* For official injectable oxytocin, follow the exact vial/package insert and any pharmacist-
assigned beyond-use date.

* For a reconstituted aqueous research solution, there is no defensible universal claim such
as “good for 30 days.” Refrigeration and mildly acidic, validated formulation improve
chemical stability, but unvalidated water/saline reconstitution should be treated as a short-
duration preparation unless you have stability data for that exact formulation. 2 Ll

¢ If the question relates to self-administration, pregnancy, labor induction, lactation, or
intranasal use, do not rely on generic peptide-storage guidance—oxytocin can have serious
effects and should be handled only under appropriate prescribing and pharmacy guidance.

***

what buffers would be used to solve this, "not simply
“peptide plus water”; they may be buffered and
contain stabilizers or preservatives"

For a commercial oxytocin injection, the usual answer is an acetate/acetic-acid buffer system,
kept mildly acidic—commonly around pH 3.5, with an acceptable product range of roughly pH
3.0-5.0. Commercial formulations may also use chlorobutanol as an antimicrobial preservative,
but that is a pharmaceutical manufacturing decision, not a generic “add this to a reconstituted

vial” solution. [26] [17] [18]

What commercial products use

A representative Pitocin-type formulation contains:

Component Typical purpose Example from labelled formulation
Acetic acid + ammonium Mildly acidic buffering system / pH 1.65 mg acetic acid and 0.16 mg ammonium acetate per
acetate control mL, targeting pH 3.5. 18]
Water for Injection Sterile vehicle Primary solvent. 16l [17]

Antimicrobial preservative; can also .
Chlorobutanol, 0.5% P 5 mg/mL in several labelled products. 116l 171

affect stability

Sometimes sodium
Tonicity adjustment Included in some veterinary products. 22l

chloride

So, in practical formulation language, the classic system is low-strength acetate buffer + acidic
pH control, not phosphate-buffered saline and not unbuffered water.



Buffers studied for oxytocin

1. Acetate buffer: most conventional choice

An acetate buffer—made from acetic acid plus acetate salt such as sodium acetate or
ammonium acetate—is the most logical pharmaceutical-style starting point because it buffers
well in the desired acidic range. Evidence also suggests that lower acetate concentrations may
be preferable: one study found acetate performed better than citrate/phosphate and that
acetate at < 0.025 M gave better stability than higher concentrations. 2%

Why it is usually favored:

* Matches the pH region used in licensed oxytocin injections: approximately pH 3-5. [17] [21]
* Has along history in marketed oxytocin formulations.

* Avoids assuming that “more buffer” is better; excessively concentrated buffer can worsen
peptide degradation pathways. 20

¢ Ismore relevant to actual medicine formulations than using neutral phosphate buffers.

2. Citrate buffer: possible, but more formulation-dependent

Citrate at low millimolar concentration has been studied around pH 4.5. A notable formulation
study found that 5-10 mM citrate combined with at least 2 mM calcium, magnesium, or zinc
chloride improved oxytocin stability in aqueous solution. 22!

However, citrate is not automatically better. Citrate-buffered oxytocin can form citrate-related
degradation/adduct products under thermal stress, and the apparent benefit depended on the
presence of divalent ions. That makes it a formulation-development approach requiring
stability testing, rather than a simple universal reconstitution buffer. 23!

3. Phosphate buffer / PBS: generally not first choice

For this particular peptide, I would not treat neutral PBS as the default stabilization system. It
places the solution closer to neutral pH rather than the acidic pH range commonly used for
oxytocin injection products, and published formulation work found acetate more favorable
than citrate/phosphate buffering for oxytocin stability. [21] [20]

Preservatives and stabilizers

Chlorobutanol

Chlorobutanol is the best-documented preservative in marketed oxytocin injections, typically
at 0.5% w/v (5 mg/mL). It provides multidose antimicrobial preservation and has been
associated with improved stability in some heat-stress work. 18 17} [21]

But it is not appropriate to casually add to a reconstituted peptide solution:

¢ It does not make a nonsterile process sterile.



It does not establish a medically valid beyond-use date.

Concentration, compatibility, container closure, sterility assurance, endotoxin control, and
particulate testing all matter.

It may be inappropriate for a particular route, product use, or laboratory assay.

Other candidates: not clear wins

The available oxytocin-specific work does not support a simplistic “add a common stabilizer”

approach:

Trehalose: little or negligible improvement in one acetate-buffer study, even at high
concentrations. 22

Uric acid and BHT: negligible benefit in that study. 22
Ascorbic acid: accelerated degradation rather than protecting oxytocin. 2%

Calcium, magnesium, or zinc salts: potentially useful only in the specific low-mM citrate-

based strategy described above—not interchangeable additives for acetate formulations. 221
[23]

Practical interpretation

If the goal is simply a research solution with better chemical stability than oxytocin in plain

water, the evidence-supported concept is:

A low-concentration acetate buffer

Controlled at approximately pH 3.5-4.5

Cold storage and protection from light

Small aliquots to avoid repeated punctures and freeze-thaw cycles

No unsupported addition of antioxidants, sugars, metal salts, or preservatives

If your objective is injectable, intranasal, or otherwise human-use material, do not turn that

concept into a DIY formulation recipe. Buffer selection is only one component; it cannot

validate sterility, endotoxin content, osmolality, pH tolerance for the route, potency,

degradation profile, or a beyond-use date. The proper route is a licensed product or a regulated

compounding pharmacy using a validated formula and assigned beyond-use date.

Main takeaway

For oxytocin, the most conventional answer is a low-strength acetate buffer adjusted into the

mildly acidic pH 3-5 range, rather than plain water or PBS. Citrate plus carefully selected

divalent ions is an interesting research-level stabilization strategy, but it is more complex and

should not be presumed superior without actual stability testing of the exact final formulation.
(18] [22] [20]



intranasal, what would be used to formulate for
maximum stability

For intranasal oxytocin, the formulation goal is to balance chemical stability with nasal

tolerability, sterility, accurate spray delivery, and preservative safety. The likely best
development direction is a mildly acidic, low-buffer-capacity aqueous system—often acetate-
based—rather than trying to preserve oxytocin in plain water or neutral PBS.

But there is not a publicly established, universal “maximum-stability intranasal oxytocin
formula.” The finished product needs analytical stability testing, microbial controls, osmolality
testing, spray-device compatibility studies, and route-specific tolerability data before it can be

assigned an expiry or used clinically.

Key design trade-off

Oxytocin itself tends to benefit from acidic conditions, and commercial injectable products
commonly use pH about 3-5 with acetic acid/acetate systems. Nasal tissue, however, is
generally better tolerated closer to approximately pH 5.5-6.5; strong deviation can increase

irritation and impair normal mucociliary clearance. 32/

A sensible target is therefore usually an intermediate range:

Formulation
consideration

pH

Buffer

Tonicity

Container

Storage

Likely target or approach

Approximately 4.5-5.5, subject to
tolerability and stability testing

Low-strength acetate/acetic acid or
carefully chosen citrate system

Near-isotonic

Metered-dose nasal spray, validated for
extractables/leachables and dose
uniformity

Cold chain plus light protection, unless
real-time stability testing supports
another condition

Components a formulator evaluates

Reason

Favors oxytocin stability more than neutral pH while moving
toward a nasal-compatible range. Carbetocin intranasal-
development work found stability in the pH 4-6 range, with
examples around pH 4.0-4.5, 1321 [33]

Acetate has direct relevance to oxytocin stability; low buffer

capacity reduces the risk of holding nasal tissue at an irritating
pH. [34]

Limits stinging and epithelial stress; sodium chloride or

another suitable tonicifier is normally adjusted based on
measured osmolality, not copied as a fixed recipe. 21!

Device compatibility and delivered-dose reproducibility are
part of the actual product stability package.

Limits chemical degradation and reduces uncertainty.



Buffer and pH system

For oxytocin specifically, dilute acetate buffer is the first system worth evaluating:

® Acetic acid with sodium acetate or ammonium acetate.

* Keep total buffer concentration low rather than assuming stronger buffering improves
stability.

* A study comparing buffers concluded acetate was more favorable than citrate/phosphate
systems and observed better results at lower acetate concentrations, < 0.025 M. 34

¢ Final pH should be selected based on an actual forced-degradation study and nasal
tolerability work, not simply by copying injectable pH 3.5.

A citrate-based system may be screened, but it is more nuanced. Certain citrate formulations
combined with low concentrations of calcium, magnesium, or zinc improved oxytocin stability
in one aqueous-solution study, but citrate has also been associated with citrate-related
adducts/degradation products. For an intranasal product, metal salts are not “free stability”;
they can alter osmolality, nasal tolerability, and spray/device behavior, 22! (¢l

Preservative strategy

The preferable answer for safety and stability is often a unit-dose, preservative-free device,
rather than adding a preservative to make a repeatedly used bottle last longer.

Why:

* Aqueous multidose nasal sprays require robust antimicrobial protection and preservative-
efficacy testing.

¢ Common nasal preservatives—including benzalkonium chloride, chlorobutanol,
phenylethyl alcohol, parabens, and EDTA-containing systems—have distinct compatibility
and mucosal-tolerability trade-offs. FDA guidance expects specific assays where
preservatives, antioxidants, chelators, or other stabilizers are used. 37!

® Chlorobutanol has a precedent in oxytocin injections and has been mentioned as beneficial
to nasal formulation stability, but it should not automatically be viewed as the ideal

chronic intranasal preservative. (38 [39]

* Product-development work on the more stable oxytocin analogue carbetocin found
formulations using methyl-/propyl-paraben preservatives more stable than those with
chlorobutanol, but that is not direct proof for oxytocin or nasal safety. 3

In short: single-use, preservative-free can remove a major source of mucosal-exposure and
preservation-complexity risk, while placing more responsibility on aseptic manufacture and
packaging.



Other excipients

A serious formulation screen might evaluate, rather than presumptively include:

¢ Tonicity modifier: sodium chloride, dextrose, or another suitable agent, selected to reach
an acceptable measured osmolality.

® Chelator: EDTA may improve control of trace-metal-catalyzed pathways and can support

some preservative systems, but it needs compatibility and nasal-tolerability assessment.
[33][37]

* Mucoadhesive / residence-time modifier: chitosan or a related polymer can potentially
increase nasal residence time and uptake, but it is about delivery—not proven chemical
stabilization of oxytocin—and can change viscosity, plume geometry, and irritation
potential. 22

® Cyclodextrin or absorption enhancer: these have been explored in intranasal
peptide/analogue product development, but “more absorption” does not necessarily mean
better or safer exposure. Some enhancers can disrupt nasal epithelium. 32! 531

* Antioxidant: should not be included by default. In oxytocin-specific work, ascorbic acid
increased degradation rather than protecting oxytocin. 24!

A defensible target profile

For an R&D specification—not a preparation recipe—the formulation-development target would
look like this:

* Oxytocin in sterile aqueous vehicle.

* Low-strength acetate-based pH-control system.

® pH screen centered roughly on 4.5, 5.0, and 5.5.

¢ Near-isotonic osmolality verified by measurement.

* Preferably a single-use, preservative-free metered nasal device; if multidose, select the
preservative only after preservative-efficacy, mucosal-tolerability, and oxytocin-assay
compatibility testing.

* Refrigerated, light-protected preliminary storage condition.

* Analytical release and stability methods capable of detecting intact oxytocin, oxidation,
deamidation/hydrolysis products, aggregation, pH drift, bioburden/sterility, endotoxin
where relevant, osmolality, delivered dose, and spray characteristics.

For illustration: choosing pH 5.0 with a dilute acetate system may be a practical compromise. It
is less acidic than conventional injection products, likely more tolerable intranasally than pH
3-4, and avoids the assumption that neutral pH/PBS is the best home for a chemically sensitive
peptide. That premise still needs confirmation with a stability-indicating HPLC method and a
tolerability assessment.



Important boundary

This is product-development information, not a safe DIY intranasal-compounding protocol.
Oxytocin is pharmacologically active, and intranasal use—especially repeated use—adds risks
from inaccurate dose delivery, nasal irritation, degradation products, microbial contamination,
endotoxin, and excipient toxicity. A compounding pharmacy or qualified formulation lab
would need to establish the complete formula, validated aseptic process, container—
closure/device compatibility, and a formal beyond-use date.

***

source and price these 3 compounds, Chlorobutanol
and sodium acetate and ammonium acetate

For a Canadian formulation/R&D purchase, I would source sodium acetate and ammonium
acetate from a local laboratory supplier in an analytical, ACS, or USP grade as needed;
chlorobutanol should be obtained specifically as NF-grade from an established
pharmaceutical-excipient distributor. Among the three, chlorobutanol is by far the costliest
and has the greatest route-specific safety and regulatory burden.

The prices below are public online listings found today; shipping, dangerous-goods/handling
charges where applicable, tax, institutional discounts, and stock status can change the landed
cost.

Canadian sourcing snapshot

Sensible grade for Example
Compound formulation Canadian Pack size Listed price
development source
NF, preferably with CoA Sciedco .
Chlorobutanol, P Y - / CA$297.80 sale price; CA$350.30
and full pharmacopeial Spectrum 25g 501
anhydrous . . regular.
documentation Chemical
Listed as a 500 g amber-glass bottle;
Fisher Scientific Fisher’s public snippet does not expose
Chlorobutanol, T Canada/ 500 price consistently, while another Fisher
hydrous Spectrum & listing showed CA$290.70 for an NF
Chemical chlorobutanol SKU. Confirm exact pack
and quote before ordering. (22 [52]
USP if the material must 100-500
. Fisher Scientific .
. meet pharmacopeial g, exact CA$419.57 for one USP listing;
Sodium acetate, . . Canada/
specifications; ACS is pack CA$1,274.89 for another larger/other-
anhydrous . Spectrum ) icting. [531 [54]
suitable for bench . varies by pack listing. 122! 122
) Chemical
screening SKU
Fisher Scientific
. Canada/
Sodium acetate, 99%, research / 55
Thermo 250 g CA$67.85. &
anhydrous development grade L
Scientific

Chemicals



Compound

Sodium acetate,
anhydrous

Ammonium
acetate

Ammonium
acetate

Ammonium
acetate

Ammonium
acetate

Sensible grade for
formulation
development

99%, research /

development grade

ACS reagent

ACS reagent

Reagent grade

HPLC / high-purity
analytical grade

My buying recommendation

Chlorobutanol

Example
Canadian
source

Fisher Scientific
Canada/
Thermo
Scientific
Chemicals

Sigma-Aldrich
Canada

Sigma-Aldrich
Canada

BioShop
Canada

Fisher Canada/
Honeywell
Solstice

Pack size

lkg

25¢g

500¢g

500¢g

50g

Listed price

CA$150.73. 8

CA$66.30. 21

CA$172.00. 1

CA$22.00. 38

Public listing confirms =299% HPLC grade
and the 50 g pack, but price is
account/quote-dependent. 1321

Buy only chlorobutanol NF, and decide whether you specifically need the anhydrous or

hydrous grade. Do not substitute generic industrial material.

¢ Smallest sensible validation pack: 25 g NF.

¢ Likely Canadian cost: roughly CA$300-350 for 25 g, based on the Sciedco/Spectrum listing.

[50]

* Larger-pack route: Fisher Canada carries Spectrum hydrous NF chlorobutanol in 500 g

amber glass, plus 2.5 kg and 12 kg quantities. 52!

* Use case: if you are evaluating it strictly as a preservative/stability-variable in an R&D

matrix, the 25 g pack is already vast relative to typical 0.5% w/v pharmaceutical-

preservative levels.

Important distinction: “chlorobutanol hydrous” is not merely marketing language. It is a

defined material form with water content specified by its compendial monograph. For

reproducible calculations and stability work, use the exact identity and assay/water-content

data on the CoA.

Sodium acetate

For an acetate-buffer screen, I would select sodium acetate anhydrous, since it removes

hydrate-water uncertainty and makes molarity calculations straightforward.

* Cost-efficient R&D option: Thermo/Fisher 99%, 250 g at CA$67.85, or 1 kg at CA$150.73.[53

[56]



¢ If a pharmacopeial material specification is needed: Spectrum USP, 99-101%. The publicly
shown Fisher prices are much higher—CA$419.57 and CA$1,274.89 across listed
SKUs/packs. [23] [34]

* Recommendation: for bench stability screening, the 250 g 99% material is more than
enough. Upgrade to USP material only when moving into a documented pharmaceutical-
quality qualification program.

Ammonium acetate

Ammonium acetate is less attractive than sodium acetate for a final nasal formulation unless
there is a specific formulation reason. It can be useful in research and analytical applications,
but it is volatile/hygroscopic and does not offer an obvious advantage over sodium acetate for a
straightforward acetate-buffer system.

e Lowest-cost Canadian option located: BioShop, reagent-grade, 500 g for CA$22.00. 8!

* Higher-documentation ACS option: Sigma-Aldrich Canada, 25 g for CA$66.30 or 500 g for
CA$172.00.51

¢ High-purity analytical option: Honeywell Solstice HPLC-grade, 50 g, 299%; Fisher Canada
exposes the product/specification but requires account pricing. 22

¢ Recommendation: unless you are trying to reproduce a particular published or branded
formulation, buy sodium acetate rather than ammonium acetate.

What I would buy

For an analytical, nonclinical formulation-stability project:

1. Sodium acetate anhydrous, 99% or ACS, 250 g — Fisher/Thermo at about CA$67.85 is the
economical starting point. 22!

2. Acetic acid, appropriate analytical/pharmacopeial grade — required to actually set acetate-
buffer pH; sodium acetate alone is not a complete acetate buffer.

3. Chlorobutanol NF, 25 g, only if you are deliberately studying a preservative-containing
multidose system—budget about CA$298-350. 2%

4. Skip ammonium acetate initially unless a comparator study specifically calls for it.

Safety and quality limits

A certificate saying ACS, reagent, HPLC, USP, or NF addresses material identity/purity to
differing degrees; it does not make a self-prepared liquid suitable for intranasal administration.
For an intranasal product, the full system also needs controlled water quality, aseptic
manufacture or validated sterilization, microbial limits, preservative-efficacy testing if
multidose, pH and osmolality measurement, endotoxin assessment where justified, stability-
indicating potency/impurity testing, and device dose-uniformity work. FDA nasal-spray
guidance specifically flags the need to assess preservatives, antioxidants, chelators, and other
excipients for their impact on product stability and quality. [



If your aim is maximum stability with minimal formulation complexity, the most rational early
screen remains a low-concentration sodium acetate/acetic acid system, while treating
chlorobutanol as a separate, carefully evaluated multidose-preservation variable rather than a
default additive.

nasal oxytocin, are there any additives required to
ensure bioavailability

No—an absorption enhancer is not universally required for intranasal oxytocin to be absorbed.
Conventional oxytocin nasal sprays have been used without a dedicated permeation enhancer,
and intranasal administration produces measurable systemic exposure; one recent comparison
estimated absolute systemic bioavailability at roughly 11%. [&

However, oxytocin is a small peptide and its intranasal exposure is variable. If the goal is to
maximize or make bioavailability more reproducible, formulation and device choices matter—
but the additives most likely to boost transport can also irritate or damage nasal mucosa. That
is why they should be treated as a development and safety-validation question, not a default
DIY addition.

What is actually needed

For a nasal spray to provide reasonable delivery, the essentials are generally:

Is it a bioavailability

Need Why it matters
enhancer?
Appropriate metered-dose o Deposition in the nasal cavity is often more influential than adding
. Yes, indirectly
device and spray plume an enhancer.
. . . Reduces irritation and helps preserve mucociliary function;
Suitable pH and near-isotonic o . . ) .
. Yes, indirectly hypertonic or hypotonic sprays can disrupt ciliary movement and
osmolality :
reduce absorption. [
Stable oxytocin solution Indirectly Loss of intact oxytocin means less drug available to be absorbed.
Sterility/microbial control
y/. Not directly Essential for product safety; it does not increase drug absorption.
appropriate to the package
. . Optional, not May increase uptake, but can add epithelial-toxicity and irritation
Dedicated permeation enhancer . . .
inherently required risk.

An illustrative published formulation uses oxytocin acetate in 0.9% saline and glycerol as a
stabilizer, without a listed aggressive permeation enhancer. 24



Approaches to improve exposure

Optimize delivery before adding enhancers

The first approach should be to improve formulation/device performance without deliberately
disrupting the nasal barrier:

¢ Isotonicity: Formulations are commonly targeted to a tolerable osmolality range; a review
cites approximately 290-500 mOsm/kg as an acceptable range and identifies sodium
chloride, glycerol, glucose, and dextrose as common tonicity-adjusting excipients. &/

* pH: Use a compromise pH that preserves oxytocin adequately while remaining nasal-
tolerable, not simply the acidic pH most favorable for peptide stability.

* Low viscosity and consistent spray performance: The spray must deliver a reproducible
volume and droplet distribution. If droplets run out of the nose or rapidly drain posteriorly,
exposure becomes less consistent.

¢ Administration method: Head position, spray direction, nasal congestion, allergies,
mucus, and timing after nose-blowing can materially change deposition. This is especially
relevant in research settings where device and technique vary.

A new enhanced-bioavailability product candidate, TTA-121, reportedly produced 3.6-fold
higher rabbit-brain exposure by AUC than Syntocinon in preclinical comparison—but the
abstract does not establish a general-purpose additive or prove the same effect in humans. (82

Mucoadhesive excipients

These aim to keep a dose in contact with nasal mucosa longer rather than forcefully opening
epithelial tight junctions.

* Chitosan is the best-known example. It can increase nasal residence time and may improve
peptide uptake, but its performance depends strongly on molecular weight, degree of
deacetylation, concentration, and formulation pH. 83!

* Hyaluronic acid, alginate, cellulose derivatives, and polyacrylic-acid materials are also
used in intranasal drug-delivery research to modify residence time and/or transport. (&%

* Trade-off: these materials can increase viscosity, alter the emitted spray plume, cause local
irritation, and make microbial-control and device compatibility more challenging.

For oxytocin, I would regard these as optional research variables—not established necessities
for clinical effectiveness.

Permeation enhancers

These may improve epithelial transport but are the least appropriate category to add casually.
Examples discussed in intranasal drug-delivery literature include:

¢ Surfactants.

¢ Bile salts/cholates.



¢ Fatty acids such as lauric acid.

® Certain alcohols.

* Cyclodextrin systems.

* Some polymeric or lipid/nanocarrier approaches. 83! [89]

The problem is that their apparent “enhancement” may come from temporary impairment of
the nasal epithelial barrier. They can increase burning, inflammation, impaired mucociliary
clearance, epithelial injury, or unpredictable systemic exposure—especially with frequent use.
Reviews emphasize that intranasal excipients and adjuvants must be evaluated for safety, not
just transport performance. (81!

Best practical answer

For conventional intranasal oxytocin, a well-designed simple aqueous spray is often the
preferred baseline:

e Validated oxytocin solution at a nasal-tolerable pH.

* Near-isotonic tonicity.

* Appropriate stabilizing buffer and cold/light-protected storage.

* Areliable metered-dose device.

* Preservative-free unit-dose packaging when feasible, or a fully validated multidose
preservation system.

* No permeation enhancer unless it demonstrably improves the target exposure without
unacceptable nasal toxicity.

That approach can provide absorption. There is no evidence-based rule that says an additive
such as chitosan, cyclodextrin, a surfactant, or a bile salt must be present for oxytocin to work
intranasally. The demonstrated systemic exposure of conventional intranasal administration—
and formulations using saline with glycerol—shows otherwise. 40

Important limitation

“Bioavailability” for intranasal oxytocin can refer to at least three different endpoints:

* Systemic blood exposure.
¢ Exposure of olfactory/trigeminal pathways or cerebrospinal fluid.
® (Central pharmacodynamic effect.

They do not necessarily move together. A formulation that raises plasma oxytocin may not
necessarily produce the desired brain exposure or clinical effect, and behavioral/psychiatric
outcomes from intranasal oxytocin research have been heterogeneous. &4 (&

For a human-use preparation, selecting an enhancer requires controlled pharmacokinetic
studies, nasal-tolerability work, stability testing, and device validation—not just a calculation
or a literature-derived ingredient list.



What aspect of the device ensures proper Deposition
in the nasal cavity

The device characteristic that most determines where a conventional liquid nasal spray lands

is its spray plume geometry—especially the plume angle—together with the user’s insertion

and aiming angle. The device needs to emit a reproducible metered volume as a controlled

droplet cloud that clears the nasal valve and deposits on the lateral nasal wall/turbinate region,

rather than striking the septum or collecting at the nostril. 26! [27]

The important device features

Device property

Plume angle

Spray direction /
nozzle geometry

Metered dose
volume

Droplet-size
distribution

Spray pattern

Actuation force
and pump
design

Nozzle insertion
stop / tip design

Prime and re-
prime
performance

What it controls

Width of the emitted
spray cone

Where the plume
initially points

Liquid volume
delivered per
actuation

Dropletinertia and
penetration depth

Uniformity of the
plume’s cross-section

Consistency of spray
velocity, volume, and
atomization

Repeatable placement
depth

Whether early/after-
storage sprays contain
the intended dose

Why it affects deposition

A narrower, controlled plume can travel through the nasal valve and reach the
main passage/turbinate region; overly wide plumes tend to impact anterior
structures. Studies report that narrow plumes, used with an appropriate

administration angle, can achieve much greater main-passage deposition. [28]
[o8]

A device tip and actuator geometry that enable consistent lateral aiming helps
avoid the septum. Nasal-spray guidance commonly recommends directing the
spray away from the septum and toward the lateral nasal wall. [2¢]

Too large a volume can pool, drip from the nostril, or run into the throat; a
consistent smaller metered volume improves reproducibility.

Very large droplets impact early in the anterior nose; an appropriate mid-range
size helps reach beyond the nasal valve without producing lung-penetrating

aerosol. FDA/EMA treat droplet-size distribution as a critical performance
parameter. 271 [99]

A symmetric, repeatable pattern makes left/right dose deposition more
predictable.

A good metered pump produces similar spray characteristics across the usable
life of the bottle.

It reduces user-to-user variation in how far the nozzle sits in the nostril and helps
establish a consistent angle.

Inconsistent priming can produce under- or overdosed actuations and a different
plume.

Plume angle is usually the big lever

“Plume geometry” describes the cone-shaped cloud produced after actuation. The key
measurements are the plume angle, width, and breakup behavior. FDA-relevant

characterization includes plume geometry, spray pattern, and droplet-size distribution because

they influence nasal delivery and product equivalence. 27! [29]



Experimental and computational work finds that plume angle and administration angle often
dominate deposition efficiency:

¢ With a roughly 30° administration angle, a narrower plume angle—around 30° in one
model—approached 90% turbinate/main-passage deposition. [28) 7]

* Broad plumes can deposit more in the front of the nose, especially when combined with
large droplets.

* Droplets around or above a Dvyy of 50 um tend to concentrate in the anterior region;

reducing droplet size in modelling work increased the fraction reaching the main passage.
[96]

* Commercial nasal sprays typically emit liquid droplets—not an inhalable lung aerosol—and
commonly fall roughly within the 20-200 um range. 129

These values are not universal device specifications. Nasal anatomy, liquid viscosity and
surface tension, dose volume, nozzle-to-valve distance, breathing, and user technique all shift
the optimum.

Use technique matters too

Even a high-quality pump cannot guarantee deposition if it is aimed incorrectly. The device
should support a technique that reliably:
1. Keeps the nozzle just inside the nostril without pushing it deeply.

2. Points the nozzle away from the septum, toward the outer/lateral wall—often naturally
achieved by using the opposite hand for each nostril.

3. Uses a gentle normal inhale during actuation, not a hard sniff that pulls droplets rapidly
toward the throat.

4. Avoids immediate forceful nose blowing afterward.
5. Delivers a fixed, repeatable stroke volume after proper priming.

The commonly cited “aim outward, away from the septum” recommendation is primarily about
comfort, avoiding septal irritation/bleeding, and delivering drug to the more vascular lateral
nasal mucosa—not a guarantee of brain-targeted or systemic exposure. 2!

Product-development target

For an intranasal oxytocin product, look for a metered-dose nasal pump with:

* A reproducible actuation volume across the bottle’s stated number of doses.

e Stable plume angle, spray pattern, and droplet-size distribution with the final formulation.
* A tip design/insertion stop that promotes consistent placement and lateral aiming.

* Compatibility with the formulation’s pH, salts, preservative system, and viscosity.

* Dose-uniformity and delivered-dose testing after storage, shipping stress, and repeated use.

* If preservative-free, a unit-dose or validated closed-system device that protects against
microbial ingress.



The formula and device must be developed together: changing buffer salt concentration,
glycerol/polymer content, surfactant, or viscosity can change atomization, droplet size, plume
angle, and therefore deposition. 1] [27]

1. https://opinvisindi.is/bitstreams/7a119f35-ce5f-446a-88d6-7d5969cebfdf/download

2. https://www.sciencedirect.com/science/article/abs/pii/S0022354915314593

3. https://pdf.hres.ca/dpd pm/00056769.PDF

4. https://dailymed.nlm.nih.gov/dailymed/druginfo.cfm?setid=d16a48c5-6b71-40a0-bcda-204f043fe832

5. https://pmc.ncbi.nlm.nih.gov/articles/PMC7646793/

6. https://peptideslabuk.com/oxytocin-stability-and-storage-tips-for-laboratory-use/

7. https://www.academia.edu/105044112/The_stability_of injectable oxytocin_with respect to _pH

8. https://oxytocinbio.com/safety/does-oxytocin-need-to-be-refrigerated

9. https://www.scribd.com/document/977087922/Stability-Storage-Oxytocin-Jul2018

10. https://prescriberpoint.com/therapies/oxytocin-6d7d128

11. https://pxlresearch.com/research-peptides/oxytocin-shelf-life-lyophilized

12. https://dhpp.hpfb-dgpsa.ca/dhpp/resource/31361

13. https://iris.who.int/bitstreams/b503915a-ea26-471a-8777-2bdfd8b76eb5/download

14. https://www.sciencedirect.com/science/article/am/pii/S1045105617300623

15. https://www.pfizer.ca/en/our-products/oxytocin-injection-usp

16. https://pdf.hres.ca/dpd pm/00076839.PDF

17. https://www.drugs.com/pro/oxytocin.html

18. https://www.guidelinecentral.com/drug/969d5b35-0add-4c23-9605-6a5b6ab65c95/pitocin

19. https://www.bimedaus.com/products/product-detail/oxytocin

20. https://onlinelibrary.wiley.com/doi/abs/10.1002/psc.3324

21. https://scispace.com/pdf/stability-of-oxytocin-preparations-in-malawi-and-rwanda-44jcxznrym.pdf

22. https://pmc.ncbi.nlm.nih.gov/articles/PMC3085697/

23. https://pubs.acs.org/doi/abs/10.1021/mp200622z

24. https://patents.google.com/patent/CN114983935A/en

25. https://chemrxiv.org/doi/pdf/10.26434/chemrxiv.15004185

26. https://www.ijsrtjournal.com/article/effect-of-different-buffer-components-on-igg4-stability,

27. https://pmc.ncbi.nlm.nih.gov/articles/PMC7646793/

28. https://dhpp.hpfb-dgpsa.ca/dhpp/resource/31361

29. https://opinvisindi.is/bitstreams/7a119f35-ce5f-446a-88d6-7d5969cebfdf/download

30. https://health-products.canada.ca/dpd-bdpp/info?lang=eng&code=4293

31. https://academic.oup.com/rpsppr/article/1/1/rqac003/6658943

32. https://patents.google.com/patent/US20120172304A1/en



https://opinvisindi.is/bitstreams/7a119f35-ce5f-446a-88d6-7d5969cebfdf/download
https://www.sciencedirect.com/science/article/abs/pii/S0022354915314593
https://pdf.hres.ca/dpd_pm/00056769.PDF
https://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=d16a48c5-6b71-40a0-bcda-204f043fe832
https://pmc.ncbi.nlm.nih.gov/articles/PMC7646793/
https://peptideslabuk.com/oxytocin-stability-and-storage-tips-for-laboratory-use/
https://www.academia.edu/105044112/The_stability_of_injectable_oxytocin_with_respect_to_pH
https://oxytocinbio.com/safety/does-oxytocin-need-to-be-refrigerated
https://www.scribd.com/document/977087922/Stability-Storage-Oxytocin-Jul2018
https://prescriberpoint.com/therapies/oxytocin-6d7d128
https://px1research.com/research-peptides/oxytocin-shelf-life-lyophilized
https://dhpp.hpfb-dgpsa.ca/dhpp/resource/31361
https://iris.who.int/bitstreams/b503915a-ea26-471a-8777-2bdfd8b76eb5/download
https://www.sciencedirect.com/science/article/am/pii/S1045105617300623
https://www.pfizer.ca/en/our-products/oxytocin-injection-usp
https://pdf.hres.ca/dpd_pm/00076839.PDF
https://www.drugs.com/pro/oxytocin.html
https://www.guidelinecentral.com/drug/969d5b35-0add-4c23-9605-6a5b6ab65c95/pitocin
https://www.bimedaus.com/products/product-detail/oxytocin
https://onlinelibrary.wiley.com/doi/abs/10.1002/psc.3324
https://scispace.com/pdf/stability-of-oxytocin-preparations-in-malawi-and-rwanda-44jcxznrym.pdf
https://pmc.ncbi.nlm.nih.gov/articles/PMC3085697/
https://pubs.acs.org/doi/abs/10.1021/mp200622z
https://patents.google.com/patent/CN114983935A/en
https://chemrxiv.org/doi/pdf/10.26434/chemrxiv.15004185
https://www.ijsrtjournal.com/article/effect-of-different-buffer-components-on-igg4-stability
https://pmc.ncbi.nlm.nih.gov/articles/PMC7646793/
https://dhpp.hpfb-dgpsa.ca/dhpp/resource/31361
https://opinvisindi.is/bitstreams/7a119f35-ce5f-446a-88d6-7d5969cebfdf/download
https://health-products.canada.ca/dpd-bdpp/info?lang=eng&code=4293
https://academic.oup.com/rpsppr/article/1/1/rqac003/6658943
https://patents.google.com/patent/US20120172304A1/en

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

https://patents.google.com/patent/W02008042452A1 /en

https://onlinelibrary.wiley.com/doi/abs/10.1002/psc.3324

https://pmc.ncbi.nlm.nih.gov/articles/PMC3085697/

https://pubs.acs.org/doi/abs/10.1021/mp200622z

https://www.fda.gov/media/70857/download

https://pdf.hres.ca/dpd pm/00076839.PDF

https://www.mdpi.com/1999-4923/13/7/1088

https://pmc.ncbi.nlm.nih.gov/articles/PMC7112651/

https://pmc.ncbi.nlm.nih.gov/articles/PMC4666249/

https://clinicaltrials.gov/study/NCT07053774

https://patents.google.com/patent/EP2161030A1/sv

https://www.sciencedirect.com/science/article/abs/pii/S0306453012004118

https://eureka.patsnap.com/patent-CN103285473A

https://superpower.com/guides/peptides/oxytocin

https://www.saspublishers.com/article/11887/download/

https://pmc.ncbi.nlm.nih.gov/articles/PMC7646793/

https://opinvisindi.is/bitstreams/7a119f35-ce5f-446a-88d6-7d5969cebfdf/download

https://sciedco.ca/chemicals/fine-chemicals/chlorobutanol-anhydrous-nf-25-g-65/

https://www.fishersci.ca/shop/products/chlorobutanol-hydrous-nf-98-100-5-spectrum-chemical/18601605

https://www.fishersci.ca/shop/products/chlorobutanol-hydrous-nf-98-100-5-spectrum-chemical/18601607

https://www.fishersci.ca/shop/products/sodium-acetate-anhydrous-usp-99-101-spectrum-chemical-1/18606266

https://www.fishersci.ca/shop/products/sodium-acetate-anhydrous-usp-99-101-spectrum-chemical/18606265

https://www.fishersci.ca/shop/products/sodium-acetate-anhydrous-99-thermo-scientific/AAA1318430

https://www.fishersci.ca/shop/products/sodium-acetate-anhydrous-99-thermo-scientific/AAA131840B

https://www.sigmaaldrich.com/CA/en/product/sigald/238074

https://bioshopcanada.com/Products/Details/ACE602

https://www.fishersci.ca/shop/products/ammonium-acetate-for-hplc-honeywell-2/6002028

https://www.fda.gov/media/70857/download

https://www.fishersci.ca/shop/products/sodium-acetate-anhydrous-99-99-for-acs-analysis-reagent-grade-mp-biomedi

cals/ICN19549601

https://www.fishersci.ca/shop/products/sodium-acetate-anhydrous-fused-crystals-certified-acs-fisher-chemical-2/S21
0500

https://www.fishersci.ca/shop/products/nupage-4-12-bis-tris-1-0-1-5-mm-mini-protein-gels/NP0321B0OX

https://www.fishersci.ca/shop/products/sodium-acetate-puriss-p-a-acs-reagent-honeywell-3/60046132

https://www.fishersci.ca/shop/products/novex-nupage-transfer-buffer-20x-2/NP0006

https://www.fishersci.ca/ca/en/categories/chemicals.html

https://www.laballey.com/products/sodium-acetate-anhydrous-powder-lab-grade



https://patents.google.com/patent/WO2008042452A1/en
https://onlinelibrary.wiley.com/doi/abs/10.1002/psc.3324
https://pmc.ncbi.nlm.nih.gov/articles/PMC3085697/
https://pubs.acs.org/doi/abs/10.1021/mp200622z
https://www.fda.gov/media/70857/download
https://pdf.hres.ca/dpd_pm/00076839.PDF
https://www.mdpi.com/1999-4923/13/7/1088
https://pmc.ncbi.nlm.nih.gov/articles/PMC7112651/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4666249/
https://clinicaltrials.gov/study/NCT07053774
https://patents.google.com/patent/EP2161030A1/sv
https://www.sciencedirect.com/science/article/abs/pii/S0306453012004118
https://eureka.patsnap.com/patent-CN103285473A
https://superpower.com/guides/peptides/oxytocin
https://www.saspublishers.com/article/11887/download/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7646793/
https://opinvisindi.is/bitstreams/7a119f35-ce5f-446a-88d6-7d5969cebfdf/download
https://sciedco.ca/chemicals/fine-chemicals/chlorobutanol-anhydrous-nf-25-g-65/
https://www.fishersci.ca/shop/products/chlorobutanol-hydrous-nf-98-100-5-spectrum-chemical/18601605
https://www.fishersci.ca/shop/products/chlorobutanol-hydrous-nf-98-100-5-spectrum-chemical/18601607
https://www.fishersci.ca/shop/products/sodium-acetate-anhydrous-usp-99-101-spectrum-chemical-1/18606266
https://www.fishersci.ca/shop/products/sodium-acetate-anhydrous-usp-99-101-spectrum-chemical/18606265
https://www.fishersci.ca/shop/products/sodium-acetate-anhydrous-99-thermo-scientific/AAA1318430
https://www.fishersci.ca/shop/products/sodium-acetate-anhydrous-99-thermo-scientific/AAA131840B
https://www.sigmaaldrich.com/CA/en/product/sigald/238074
https://bioshopcanada.com/Products/Details/ACE602
https://www.fishersci.ca/shop/products/ammonium-acetate-for-hplc-honeywell-2/6002028
https://www.fda.gov/media/70857/download
https://www.fishersci.ca/shop/products/sodium-acetate-anhydrous-99-99-for-acs-analysis-reagent-grade-mp-biomedicals/ICN19549601
https://www.fishersci.ca/shop/products/sodium-acetate-anhydrous-99-99-for-acs-analysis-reagent-grade-mp-biomedicals/ICN19549601
https://www.fishersci.ca/shop/products/sodium-acetate-anhydrous-fused-crystals-certified-acs-fisher-chemical-2/S210500
https://www.fishersci.ca/shop/products/sodium-acetate-anhydrous-fused-crystals-certified-acs-fisher-chemical-2/S210500
https://www.fishersci.ca/shop/products/nupage-4-12-bis-tris-1-0-1-5-mm-mini-protein-gels/NP0321BOX
https://www.fishersci.ca/shop/products/sodium-acetate-puriss-p-a-acs-reagent-honeywell-3/60046132
https://www.fishersci.ca/shop/products/novex-nupage-transfer-buffer-20x-2/NP0006
https://www.fishersci.ca/ca/en/categories/chemicals.html
https://www.laballey.com/products/sodium-acetate-anhydrous-powder-lab-grade

68. https://www.fresenius-kabi.com/en-ca/products/iv-drugs/sodium-acetate-injection-usp

69. https://ssoc.ca/products/sodium-acetate

70. https://www.biobasic.com/ammonium-acetate-1139

71. https://www.fishersci.ca/shop/products/ammonium-acetate-acs-ar-crystal-macron-fine-chemicals-4/p-3176899

72. https://www.fishersci.ca/shop/products/ammonium-acetate-5m-ag-soln-thermo-scientific/AAJ60688AD

73. https://www.vwr.com/sg/en/product/22017979/ammonium-acetate-97-crystals-baker-analyzed-acs-j-t-baker

74. https://www.fishersci.ca/shop/products/ammonium-acetate-7-5-m-solution-98-mp-biomedicals/ICN19875980

75. https://www.fishersci.ca/shop/products/ammonium-acetate-for-analysis-emsure-emd-millipore-5/M1011160500

76. https://www.fishersci.ca/shop/products/ammonium-acetate-honeywell-2/6002705

77. https://www.fishersci.ca/shop/products/ammonium-acetate-purified-spectrum-chemical/18608820

78. https://www.gfschemicals.com/ammonium-acetate-reagent-acs-12401

79. https://www.labproservices.com/buy-chlorobutanol-anhydrous-nf-25g-cas-57-15-8-ch123-25gm-ea.html

80. https://www.mdpi.com/1999-4923/16/3/333

81. https://pmc.ncbi.nlm.nih.gov/articles/PMC10898487/

82. https://pubmed.ncbi.nlm.nih.gov/35067719/

83. https://journals.library.ualberta.ca/jpps/index.php/JPPS/article/download/6188/5624/0

84. https://pmc.ncbi.nlm.nih.gov/articles/PMC7112651/

85. https://pmc.ncbi.nlm.nih.gov/articles/PMC3935449/

86. https://impactfactor.org/PDF/IJDDT/14/1JDDTVol14,lssuel,Article66.pdf

87. https://www.hillstonepharmacy.com/blog-posts/oxytocin-nasal-spray-2026

88. https://ristonline.com/HTML Papers/Research Journal of Science and Technology PID 2024-16-1-9.html

89. https://www.harborcompounding.com/oxytocin-intranasal-spray

90. https://www.sciencedirect.com/science/article/abs/pii/S0306453012004118

91. https://patents.google.com/patent/US20120172304A1/en

92. https://www.mdpi.com/1999-4923/13/7/1088

93. https://pmc.ncbi.nlm.nih.gov/articles/PMC7829061/

94. https://en.wikipedia.org/wiki/Oxytocin (medication)

95. https://www.alzforum.org/therapeutics/intranasal-oxytocin

96. https://pmc.ncbi.nlm.nih.gov/articles/PMC6730903/

97. https://pmc.ncbi.nlm.nih.gov/articles/PMC8309016/

98. https://stacks.cdc.gov/view/cdc/188956/cdc 188956 DS1.pdf

99. https://pmc.ncbi.nlm.nih.gov/articles/PMC4085595/

100. https://www.copleyscientific.com/inhaler-testing/aerodynamic-particle-size-distribution-apsd/apsd-of-nasal-product

s/nasal-sprays/

101. https://www.ltslohmann.com/en/white-paper/nasal-spray-development/

102. https://www.pharmtech.com/view/understanding-requirements-effective-nasal-drug-delivery,



https://www.fresenius-kabi.com/en-ca/products/iv-drugs/sodium-acetate-injection-usp
https://ssoc.ca/products/sodium-acetate
https://www.biobasic.com/ammonium-acetate-1139
https://www.fishersci.ca/shop/products/ammonium-acetate-acs-ar-crystal-macron-fine-chemicals-4/p-3176899
https://www.fishersci.ca/shop/products/ammonium-acetate-5m-aq-soln-thermo-scientific/AAJ60688AD
https://www.vwr.com/sg/en/product/22017979/ammonium-acetate-97-crystals-baker-analyzed-acs-j-t-baker
https://www.fishersci.ca/shop/products/ammonium-acetate-7-5-m-solution-98-mp-biomedicals/ICN19875980
https://www.fishersci.ca/shop/products/ammonium-acetate-for-analysis-emsure-emd-millipore-5/M1011160500
https://www.fishersci.ca/shop/products/ammonium-acetate-honeywell-2/6002705
https://www.fishersci.ca/shop/products/ammonium-acetate-purified-spectrum-chemical/18608820
https://www.gfschemicals.com/ammonium-acetate-reagent-acs-12401
https://www.labproservices.com/buy-chlorobutanol-anhydrous-nf-25g-cas-57-15-8-ch123-25gm-ea.html
https://www.mdpi.com/1999-4923/16/3/333
https://pmc.ncbi.nlm.nih.gov/articles/PMC10898487/
https://pubmed.ncbi.nlm.nih.gov/35067719/
https://journals.library.ualberta.ca/jpps/index.php/JPPS/article/download/6188/5624/0
https://pmc.ncbi.nlm.nih.gov/articles/PMC7112651/
https://pmc.ncbi.nlm.nih.gov/articles/PMC3935449/
https://impactfactor.org/PDF/IJDDT/14/IJDDT,Vol14,Issue1,Article66.pdf
https://www.hillstonepharmacy.com/blog-posts/oxytocin-nasal-spray-2026
https://rjstonline.com/HTML_Papers/Research%20Journal%20of%20Science%20and%20Technology__PID__2024-16-1-9.html
https://www.harborcompounding.com/oxytocin-intranasal-spray
https://www.sciencedirect.com/science/article/abs/pii/S0306453012004118
https://patents.google.com/patent/US20120172304A1/en
https://www.mdpi.com/1999-4923/13/7/1088
https://pmc.ncbi.nlm.nih.gov/articles/PMC7829061/
https://en.wikipedia.org/wiki/Oxytocin_(medication)
https://www.alzforum.org/therapeutics/intranasal-oxytocin
https://pmc.ncbi.nlm.nih.gov/articles/PMC6730903/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8309016/
https://stacks.cdc.gov/view/cdc/188956/cdc_188956_DS1.pdf
https://pmc.ncbi.nlm.nih.gov/articles/PMC4085595/
https://www.copleyscientific.com/inhaler-testing/aerodynamic-particle-size-distribution-apsd/apsd-of-nasal-products/nasal-sprays/
https://www.copleyscientific.com/inhaler-testing/aerodynamic-particle-size-distribution-apsd/apsd-of-nasal-products/nasal-sprays/
https://www.ltslohmann.com/en/white-paper/nasal-spray-development/
https://www.pharmtech.com/view/understanding-requirements-effective-nasal-drug-delivery

103.

104.

105.

106.

107.

108.

109.

110.

https://www.cfdresearch.com/files/pdfs/2012 External and Near-Nozzle Spray Characteristics of a Continuous Spray,

Atomized from a Nasal Spray Device AST.pdf

https://contractlaboratory.com/nasal-spray-testing-ensuring-safety-and-quality-for-effective-treatments/

https://www.arelabs.com/standards/plume-geometry-spray-pattern/

https://www.fda.gov/media/70857/download

https://www.alzforum.org/therapeutics/intranasal-oxytocin

https://link.springer.com/article/10.1007/s40005-020-00482-z

https://www.sciencedirect.com/science/article/pii/S1773224725003521

https://www.semanticscholar.org/paper/Effects-of-nasal-drug-delivery-device-and-its-on-in-Tong-Dong/453cdffa0484
1fd57eldaebcd5724546dc8979f4



https://www.cfdresearch.com/files/pdfs/2012_External%20and%20Near-Nozzle%20Spray%20Characteristics%20of%20a%20Continuous%20Spray%20Atomized%20from%20a%20Nasal%20Spray%20Device_AST.pdf
https://www.cfdresearch.com/files/pdfs/2012_External%20and%20Near-Nozzle%20Spray%20Characteristics%20of%20a%20Continuous%20Spray%20Atomized%20from%20a%20Nasal%20Spray%20Device_AST.pdf
https://contractlaboratory.com/nasal-spray-testing-ensuring-safety-and-quality-for-effective-treatments/
https://www.arelabs.com/standards/plume-geometry-spray-pattern/
https://www.fda.gov/media/70857/download
https://www.alzforum.org/therapeutics/intranasal-oxytocin
https://link.springer.com/article/10.1007/s40005-020-00482-z
https://www.sciencedirect.com/science/article/pii/S1773224725003521
https://www.semanticscholar.org/paper/Effects-of-nasal-drug-delivery-device-and-its-on-in-Tong-Dong/453cdffa04841fd57e1daebcd5724546dc8979f4
https://www.semanticscholar.org/paper/Effects-of-nasal-drug-delivery-device-and-its-on-in-Tong-Dong/453cdffa04841fd57e1daebcd5724546dc8979f4

