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What is most re levant in the  current pipe line?

Biologics and Biotherapeutic Macromolecules

Biologic Products (Dive rse  and complex) 
• Recombinant The rapeutic Prote ins – mAbs, Insulin
• Vaccines – MMR, Te tanus, Polio, Seasonal influenza
• Alle rgenics – Alle rgenic extracts from molds, pollens, venoms, e tc.
• Blood and Blood Components -  Thrombin and othe r clotting factors
• Gene  and Somatic Ce ll The rapie s – Activated immune  ce lls for re -infusion, Vector or non-vector introduced gene  /  knockout
• Tissues – Bone , Skin, ligaments, heart valves

Complex structures gene rally de rived from:
• living mate rial (human, animal, or microorganism; or the ir components)
• recombinant technology

Excipient conside rations are  a function of biologic characte ristics/ class

Scope  of this discussion cente rs around current re spiratory-re levant biothe rapeutics but it  is important to conside r the  dive rsity of 
products which may eventually re sult in an inhalable  product.
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Inhalation pipe line  landscape

Biologics currently with inhaled therapeutic 
relevance (pulmonary and nasal)

55% Protein/Polypeptide Biotherapeutics

Antibodies, peptides, recombinant prote ins (inte rfe rons, 
inte rleukins, lung surfactant prote ins, hormones, the rapeutic 
enzymes, and othe rs)

30% Nucleic Acid Derivatives

mRNA, ASO, RNAi, miRNAs, siRNA, aptamers

Source: Survey of 163 Molecules in Inhalation Pipeline, PharmaProjects Database 2021
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Structure / Function / Stability

Structure / Function / Stability Dynamic Molecules / Mixtures
Excipients Impact Structure and Function / Physical and Chemical Stability

Source : Dahanayake , J, Mitche ll-Koch, K. How Doe s Solvation laye r mobility 
Affe ct Prote in Structural Dynamics? Frontie rs in Mole cular Bioscie nce s, 
June  20 18.

Source : Ionova Y, Wilson L (20 20 ) Biologic e xcipie nts: Importance  of clinical aware ne ss of inactive  
ingre die nts. PLoS ONE 15(6): e 0 2350 76. https:/ / doi.org/ 10 .1371/ journ al.p one .0 2350 76

Biotherapeutic macromolecules can be challenging due to their complex and diverse molecular structures and close relationship between structure and function.

Excipients are vital in 
formulating the 
dosage form by 
enhancing the 

manufacturability, 
stability, and delivery 
of the drug product.

mAbs, pro te ins, 
pe ptide s, e tc... DNA and RNA Aptame rs

Nake d NA the rape utics (ASOs, siRNA, mRNA,…)

Encapsulate d  
b io the rape utics

Solvation of Candida antarctica lipase  B CALB 
(33kDa)

Manufacturing

Storage/Stability

Delivery



Public

Regulatory Status

September 2024 7

Excipients / Inactive Ingredients
2

US Food and Drug Administration
21 CFR 210.3(b)(8)

European Medicines Agency
Article 1(3b) of Directive 2001/83/EC, as amended by Commission 
Directive 2011/62/EU

Inactive  ingredient means any component othe r than an active  
ingredient.

Excipient is any constituent of a  medicinal product othe r than 
the  active  substance  and the  packaging

• 60  Functional Categorie s in USP-NF Excipient List
• Nearly 10 ,000  entrie s in the  US FDA Inactive  Ingredient Database  (IID)

US Pharmacopeia and National Formulary – Excipient Functional Categories

Acidifying or 
Alkalizing Agent Adhesive Air Displacement Alcohol Denaturant Antifoaming or 

Defoaming Agent
Antimicrobial 
Preservative Antioxidant Anti-tack Agent Biodegradable  

Polymer Buffering Agent

Bulking Agent Capsule  Shell Carrier Chaotropic  Agent Chelating Agent Coating Agent Colloid Stabilizing 
Agent

Crystallization 
Inhibitor Desiccant Diluent

Disintegrant Drag-Reducing 
Agent Dry Binder Emollient Emulsifying Agent Filler Film-Forming Agent Filtering Aid Flavors and 

Fragrance
Free Radical 
Scavenger

Gelling Agent Glidant and/ or 
Anticaking Agent Humectant Liposome Forming 

Agent Lubricant Muco-Adhesive Ointment Base Opacifier Permeation 
Enhancer

Pharmaceutical 
Water

Physical-Chemical 
Identifiers pH Modifier Plastic izer Polymeric  Membrane Polymers for 

Ophthalmic Use
Printing Ink 
Component Propellant Protein Stabilizer Reducing Agent Release-Modifying 

Agent

Solubilizing Agent Solvent Sorbent Stabilizer Stiffening Agent Sugar-Coating Agent Suppository Base Surfactant
Suspending and/ or 
Viscosity-Increasing 

Agent
Sweetening Agent

Tonicity Agent Transfer Ligand Vehicle Viscosity-Lowering 
Agent Water-Repelling Agent Wet Binder

*USP-NF 20 24 Excipient Monograph (as of 0 1Aug20 24)



Public

Excipients for Respiratory Delivery of Macromolecules

September 2024 8

Survey of FDA Inactive Ingredient Database (IID)

9319
All Excipients

FDA IID
(July 2024)

1818 
Non-re dundant*

244 
Inje ctable

62 Inhalation
(26 Not Inje ctable , 

2 Unique )

69 Nasal
(23 Not Inje ctable , 

1 Unique )

6  N+I

*Non-Redundant Entries: Reduced to remove redundancies in chemical entities (CAS # ) 
across a ll routes /  concentrations

105 FDA-approved excipients for nasal and inhalation 
route s

Limited selection of approved excipients for 
nasal and inhalation routes*

*Includes: Endosinusia l, Endotracheal, Intrapleural

Significant ove rlap with injectable  route s of 
administration

Existing re source s and lite rature  on excipients rare ly 
distinguish the  use  of excipients among diffe rent drug 
types, such as small molecule  synthe tic  drugs and 
biotechnology-de rive d drugs 

Are  the se  105 re spiratory excipients re levant re lative  to 
approved excipients for biothe rapeutics? 
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FDA-Approved Protein (397) and NA Formulations (21)

Source: Rao VA, Kim JJ, Patel DS, Rains K, Estoll CR. A Comprehensive Scientific Survey of Excipients Used in 
Currently Marketed, Therapeutic Biological Drug Products. Pharm Res. 2020 Sep 24;37(10):200. doi: 10.1007/s11095-
020 -02919-4. Erratum in: Pharm Res. 2022 Apr;39(4):825. doi: 10.1007/s11095-022-03253 -7. PMID: 32968854; 
PMCID: PMC9010397.

Source: Ingle, Rahul G. and Wei-Jie Fang. “An Overview of the Stability and Delivery Challenges of Commercial Nucleic 
Acid Therapeutics.” Pharmaceutics 15 (20 23).

Protein Biotherapeutics NA Biotherapeuticsand

*63% 
*7%

*56%
*11%
*41%
*7%
*11%

*4%
*4%

*44% 
Lipid /  

Liposome

Sodium Phosphate   52%

Sodium Chloride   52%

Sodium Hydroxide   43%

Hydrochloric  Acid   38%

Potassium Phosphate   33%

Potassium Chloride   19%

DSPC   14%

Chole ste rol   14%

Sucrose    10%

(n = 21)
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Protein and NA Biotherapeutics

~48% (50) represented in most prevalent biotherapeutic -excipient categories

~67% (70) are Protein/NA-relevant Excipients105 Inhalation and Nasal Excipients

Buffering (and pH -Adjusting Agents ), Salts
• pH and salt concentration are critical for controlling folding state and minimize physical and 

chemical degradation. 
• Most commonly utilized buffer is sodium phosphate with some level of sodium or potassium 

chloride .

Surfactants
• These agents act to stabilize against interfacial tension and to reduce aggregation or protein -

protein interactions. 
• Most commonly utilized surfactants included polysorbate 80 , polysorbate 20 , and poloxamer 188. 

Stabilizers, Lyophilizing / Bulking Agents
• They act to maintain molecular structure in both the liquid and solid state affecting physical 

stability.
• Most commonly utilized stabilizers and lyoprotectants  are sugars - sucrose, mannitol , and trehalose . 
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make up the majority  of inhaled large molecule formulations…
3

…marketed, under clinical… … and pre -clinical deve lopment.

Source: Liang W. et al., Pharmaceutics 2020, 12, 1025; doi: https://doi.org/10.3390/pharmaceutics12111025

https://doi.org/10.3390/pharmaceutics12111025
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generally include solutions  or suspensions that can be administered via
3

Nebulizers Soft mist inhalers Nasal sprays
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Formulation considerations
3

Device

Formulation

Type  of device , tailored for a  specific  
administration route , and class of biologic (at 
least) will de te rmine  the  formulation pathway – 
Device  and formulation design to  be  carried out 
in paralle l

Formulation excipients kept to  a  minimum.
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Formulation considerations
3

Retaining biologic conformational structure (if applicable) and/or potency/activity,

Meeting spray characteristics and aerodynamic performance targets (might be different as per 
administration route),

Excipient selection drivers to enable a safe and effective liquid -based drug product

And prese rving formulation ste rility,

across drug product shelf -life. 
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Formulation considerations
3

Retaining biologic conformational structure and/or potency/activity

Conformational structure  and potency/ activity can be  affected by physical (non-covalent) and/ or chemical (covalent) 
degradation.
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Formulation considerations
3

Interfacial adsorption.

Lumry-Eyring framework of protein aggregation 
reaction in a bulk solution

P - Native  form of the  p rote in
P* - Aggre gation compe te nt non-native  form
A - Aggre gate

P        P * A
kK

Source: Gokarn Y. et al., Chapter 17, 2006, CRC Press 1st edition ; doi: https://doi.org/10.1201/9781420004137
Chi, E.Y. e t a l., Pharm Res 20 , 1325–1336, 20 0 3; doi: https:/ / doi.org/ 10 .10 23/ A:10 2577142190 6

Physical degradation

Aggregation.

Retaining biologic conformational structure and/or potency/activity

Conformational structure  and potency/ activity can be  affected by physical (non -covalent) and/ or chemical (covalent) 
degradation.

https://doi.org/10.1201/9781420004137
https://link.springer.com/article/10.1023/A:1025771421906
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Inte rfacial adsorption.

Lumry-Eyring frame work of p rote in aggre gation 
re action in a  bulk solution

P - Native  form of the  p rote in
P* - Aggre gation compe te nt non-native  form
A - Aggre gate

P        P * A
kK

Source: Gokarn Y. et al., Chapter 17, 2006, CRC Press 1st edition ; doi: https://doi.org/10.1201/9781420004137
Chi, E.Y. e t a l., Pharm Res 20 , 1325–1336, 20 0 3; doi: https:/ / doi.org/ 10 .10 23/ A:10 2577142190 6

Physical degradation

Aggregation.
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Formulation considerations
3

P * - Protein transition state preceding the formation of an 
aggregation intermediate

Se lect excipients that modulate  solution conditions 
• favoring the  native  form, P, 
• and lowering the  kine tic reaction rate  constant (k). 

Retaining biologic conformational structure and/or potency/activity

Conformational structure  and potency/ activity can be  affected by physical (non -covalent) and/ or chemical (covalent) 
degradation.

https://doi.org/10.1201/9781420004137
https://link.springer.com/article/10.1023/A:1025771421906
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Formulation considerations
3

Buffering agents control pH

Organic and amino acids, phosphate s and TrisInte rfacial adsorption.

Lumry-Eyring frame work of p rote in aggre gation 
re action in a  bulk solution

P - Native  form of the  p rote in
P* - Aggre gation compe te nt non-native  form
A - Aggre gate

P        P * A
kK

Source: Gokarn Y. et al., Chapter 17, 2006, CRC Press 1st edition ; doi: https://doi.org/10.1201/9781420004137
Chi, E.Y. e t a l., Pharm Res 20 , 1325–1336, 20 0 3; doi: https:/ / doi.org/ 10 .10 23/ A:10 2577142190 6

Physical degradation

Aggregation.

Retaining biologic conformational structure and/or potency/activity

Conformational structure  and potency/ activity can be  affected by physical (non -covalent) and/ or chemical (covalent) 
degradation.

https://doi.org/10.1201/9781420004137
https://link.springer.com/article/10.1023/A:1025771421906
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Formulation considerations
3

Salts, Amino acids, Sugars and Polyols 

Stabilization of  P by
• binding to charged re sidues on the  prote in’s surface ,
• shie lding repulsive  e lectrostatic  inte ractions be tween 

re sidues within the  prote in,
• and/ or by pre fe rential exclusion.

Inte rfacial adsorption.

Lumry-Eyring frame work of p rote in aggre gation 
re action in a  bulk solution

P - Native  form of the  p rote in
P* - Aggre gation compe te nt non-native  form
A - Aggre gate

P        P * A
kK

Source: Gokarn Y. et al., Chapter 17, 2006, CRC Press 1st edition ; doi: https://doi.org/10.1201/9781420004137
Chi, E.Y. e t a l., Pharm Res 20 , 1325–1336, 20 0 3; doi: https:/ / doi.org/ 10 .10 23/ A:10 2577142190 6

Physical degradation

Aggregation.

Retaining biologic conformational structure and/or potency/activity

Conformational structure  and potency/ activity can be  affected by physical (non -covalent) and/ or chemical (covalent) 
degradation.

Stabilization of P* by binding to the  peptide  groups along the  
prote in backbone .

https://doi.org/10.1201/9781420004137
https://link.springer.com/article/10.1023/A:1025771421906
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Formulation considerations
3

Salts

Hofmeister series of 
anions and cations and 
the ir influe nce  on prote in 
solution prope rtie s.

Source: Kurac T, Polakovic M., Membranes 12, 1173, 20 22; doi: https:/ / www.mdpi.com/ 20 77-0 375/ 12/ 12/ 1173

Inte rfacial adsorption.

Lumry-Eyring frame work of p rote in aggre gation 
re action in a  bulk solution

P - Native  form of the  p rote in
P* - Aggre gation compe te nt non-native  form
A - Aggre gate

P        P * A
kK

Source: Gokarn Y. et al., Chapter 17, 2006, CRC Press 1st edition ; doi: https://doi.org/10.1201/9781420004137
Chi, E.Y. e t a l., Pharm Res 20 , 1325–1336, 20 0 3; doi: https:/ / doi.org/ 10 .10 23/ A:10 2577142190 6

Physical degradation

Aggregation.

Retaining biologic conformational structure and/or potency/activity

Conformational structure  and potency/ activity can be  affected by physical (non -covalent) and/ or chemical (covalent) 
degradation.

https://www.mdpi.com/2077-0375/12/12/1173
https://doi.org/10.1201/9781420004137
https://link.springer.com/article/10.1023/A:1025771421906
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Formulation considerations
3

Amino acids, Sugars and Polyols 

Inte rfacial adsorption.

Lumry-Eyring frame work of p rote in aggre gation 
re action in a  bulk solution

P - Native  form of the  p rote in
P* - Aggre gation compe te nt non-native  form
A - Aggre gate

P        P * A
kK

Source: Gokarn Y. et al., Chapter 17, 2006, CRC Press 1st edition ; doi: https://doi.org/10.1201/9781420004137
Chi, E.Y. e t a l., Pharm Res 20 , 1325–1336, 20 0 3; doi: https:/ / doi.org/ 10 .10 23/ A:10 2577142190 6

Physical degradation

Aggregation.

Retaining biologic conformational structure and/or potency/activity

Conformational structure  and potency/ activity can be  affected by physical (non -covalent) and/ or chemical (covalent) 
degradation.

https://doi.org/10.1201/9781420004137
https://link.springer.com/article/10.1023/A:1025771421906
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Formulation considerations
3

Surfactants

Stabilization of P* by out-compe ting prote ins for inte rfacial 
positions, preventing adsortion.

Inte rfacial adsorption.

Lumry-Eyring frame work of p rote in aggre gation 
re action in a  bulk solution

P - Native  form of the  p rote in
P* - Aggre gation compe te nt non-native  form
A - Aggre gate

P        P * A
kK

Source: Gokarn Y. et al., Chapter 17, 2006, CRC Press 1st edition ; doi: https://doi.org/10.1201/9781420004137
Chi, E.Y. e t a l., Pharm Res 20 , 1325–1336, 20 0 3; doi: https:/ / doi.org/ 10 .10 23/ A:10 2577142190 6

Physical degradation

Aggregation.

Retaining biologic conformational structure and/or potency/activity

Conformational structure  and potency/ activity can be  affected by physical (non -covalent) and/ or chemical (covalent) 
degradation.

https://doi.org/10.1201/9781420004137
https://link.springer.com/article/10.1023/A:1025771421906
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Formulation considerations
3

Antioxidants and chelating agents

Ablating active  oxygen specie s in solution orNon-reducible  cross 
linking.

Chemical degradation

Retaining biologic conformational structure and/or potency/activity

Conformational structure  and potency/ activity can be  affected by physical (non-covalent) and/ or chemical (covalent) 
degradation.

Binding trace  me tal contaminants that promote  free  radical 
formation.Deamidation.

Formation of basic  or 
acidic  specie s.

Glycation. 

Isomerization.

Oxidation.

Fragmentation.

C-te rminal c lipping.

Reduction.

Hydrolysis.

Racemization.
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Formulation considerations
3

Nebulizers 

Sodium citrate solutions
7-36% (w/v)

Sucrose solutions
10-60% (w/v)

Meeting spray characteristics and aerodynamic performance targets

Governed by the  combined e ffect of device  atomizing system with formulation viscosity and surface  tension.

Source: MC Callion ONM and Patel MJ et al., International
Journal of Pharmaceutics 1996, 130, 124390;  doi : 
https://doi.org/10.1016/j.ijpharm.2024.124390

https://www.sciencedirect.com/science/article/abs/pii/S0378517324006240?via%3Dihub
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Antisense oligonucleotides 
solutions in nebulizers

Small RNA (sRNA) solutions
in the soft mist inhaler Softhaler ® Surfactants, ethanol
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Formulation considerations

Source: Seidl LL. et al., International Journal of 
Pharmaceutics 2024, 661, 124390; 
doi : https://doi.org/10.1016/j.ijpharm.2024.124390

Source: Lopes IS, Fernandes DA, Rawert J., Journal of Aerosol Medicine
and Pulmonary Drug Delivery via DDL conference 2024 (submitted ) 

Decrease  formulation surface  
tension, allowing for smalle r drople ts 
to be  formed.

Meeting spray characteristics and aerodynamic performance targets

Governed by the  combined e ffect of device  atomizing system with formulation viscosity and surface  tension.

26
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Formulation considerations

Preserving formulation sterility

Preservatives

Added to multidose  formulations to prevent 
microbial growth.

Antimicrobial activity typically dependent on pH.

Prevalence  of Quate rnary ammonium (QAC)
and Phenolic (PC) compounds. 

Source: Jennings MC. et al., ACS infectious diseases 2015, 17; doi: 
https://pubs.acs.org/doi/10.1021/acsinfecdis.5b00047

QAC and PC antimicrobial 
activity maximized 
according to the ir late ral 
chain length.

Previously reported 
hype rsensitive  reactions –
Use  discouraged by current 
re levant guidances.

Prese rvative  e fficacy te st 
studie s to fine -tune  
amount in formulation.

27
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Formulation considerations

Preserving formulation sterility

Preservatives

Added to multidose  formulations to prevent microbial growth.

Antimicrobial activity typically dependent on pH.

Prevalence  of Quate rnary ammonium (QAC) and
Phenolic (PC) compounds. 

Self preserving/low water activity agents, as an alternative

Reduce  the  free  wate r in the  formulation that othe rwise  would 
be  available  for microbial growth.

28
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Designing an effective dry powder particle
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100% active would be nice, but rarely works

• Particle engineering only works if dry 
powders can be redispersed to their primary 
size on emission from inhaler

• Small particles are cohesive!
• Usually, a dispersibility-enhancing excipient is 

needed to achieve this, leucine and tri -
leucine are most common, and often 
compatible with bio APIs

Nano-in-micro

Respirable & Dispersible API stability  Physical stability1 2 3

• Maintain ac tivity of the  API: d iffe rent metrics 
for d iffe rent API c lasses
• Primary struc ture  intac t
• Prote in unfold ing and  aggregation
• mRNA encapsulation

• Most APIs need  some he lp  from stab ilize rs, 
surfac tants, buffe rs, e tc .

• Have  had  some success with un-stab ilized  
ASOs, achieving high ac tive  load ing

• Solid  form of the  partic le  must not change  
over time , whether amorphous or c rystalline

• Targe t storage  conditions at ambient 
temperature

• Low water content is often important

Amorphous 
d ispe rsion

30
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Leucine: Dry powder delivery’s favorite amino acid 
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Overview of leucine surface enrichment

Investigated extensive ly by: Vehring, Lechuga-Balle ste ros, Boraey,
Ordoubadi, Alhajj, Feng, Mangal and othe rs!

In previous discussion, amino acids 
are  employed as stabilize rs for 
prote in and othe r liquid formulation

Leucine  is one  of those , but is used 
diffe rently in dry powder formulations

Used as a dispe rsibility-enhance r for 
dry powde rs to improve  ae rosol 
prope rtie s and solid-state  stability

Hypothese s that increased partic le  
roughness and reduced 
hygroscopicity contribute

Leucine  must be  at the  partic le ’s 
surface , not in contact with API

Tri-leucine  also of inte re st, works by 
diffe rent mechanism

31
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API stability in the solid state
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Chang and Pikal J Pharm Sci 2009
Lechuga-Ballesteros, Miller, Duddu 2005

Mechanisms of instability during drying Stabilization mechanisms for drying

Denaturation/ unfolding: unfolded state  becomes more  
the rmodynamically stable  than folded
• Prote in/ peptide  secondary and te rtiary structure
• RNA/ DNA secondary structure

Aggregation: inte rmolecular inte raction
• Noncovalent via hydrophobic inte raction
• Covalent via thiol and/ or disulfide  linkages in prote ins

De-amidation

Oxidation

Maillard reaction (prote ins)

Aggregation of encapsulated mate rials

Wate r replacement theory
• Hydrogen bonding with wate r shifts the rmodynamics in 

favor of native  (folded) state
• As wate r leaves, sugar/ sugar alcohol hydrogen bonding 

replaces this need

Glass stabilization
• Diluting the  molecule  in a high Tg matrix physically locks in 

API structure
• Tg needs to be  far (pre fe rably > 50°C) highe r than storage  

conditions to prevent gradual rearrangement
• Sufficient dilution of encapsulated API systems also he lpful 

for nanoparticle  reconstitution

32
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What do we mean by stability here?
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• Proteins, 
peptides,
siRNA, ASO

• Single Tg, 
combo of API 
and matrix 
properties

Two sides to solid state stability Solid form possibilities

Stabilization of the  API structure  and activity via excipient 
matrix
• In liquid formulations, API and excipients mix free ly

• In solid formulations, they are  not necessarily in intimate  
molecular contact

Also, stabilizing the  solid form of the  dry powder. Re levant 
solid form questions include
• Is the  matrix amorphous or crystalline?

• Is the  formulation one  phase  or multiple?

• Is the re  any polymorphism of crystalline  components?

• For amorphous components, is the  Tg far enough above  
storage  conditions?

• How does wate r content/ humidity impact all this?

Amorphous 
matrix

Crystalline  
matrix

Single  phase Multiple  
phase s

Multiple  
phase s

• Encapsulated 
particle s, EVs, 
anything supra-
molecular

• Tg of matrix, API 
may also have  
transitions

• Encapsulated 
particle s, EVs, 
anything supra-
molecular

• API outside  of 
matrix’s 
crystalline  
structure

33
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Plasticization of amorphous formulations
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Lechuga-Ballesteros, Miller, Duddu 2005

Tg dependence on water content Surfactants can also be plasticizers

Glass transition tempe rature  decrease s with 
increasing wate r (or othe r solvent) content

Wate r content is critical to success of
dry powde r formulations

Surfactants typically have  ve ry low glass
transition tempe rature

Increasing pre sence  of surfactants often le ads to 
lower physical stability of the  dry powde r

Prevent 
aggregation

Solid-state  
she lf stability

34
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Favorite matrix formers for dry powder bios
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A biased list

Trehalose Mannitol …and the rest

• High dry Tg reduces molecular 
mobility of solid state , “locks in” a 
non-aggregated structure

• Stable  at low humidity in the  
amorphous form

• Can form a single  dispe rsion phase  
with API

• Non-reducing sugar
• Strong hydrogen bonding for wate r 

replacement
• Not yet  in FDA inactive  ingredients 

list  for pulmonary or nasal de live ry
• Extensive ly precedented in c linical 

trials for pulmonary de live ry

• Precedented in the  lung
• Usually crystalline  afte r drying 

process, but has multiple  
polymorphs

• Can be  amorphous when mixed with 
othe r carrie rs, but has low Tg

• Most use ful when a phase -separated 
morphology is de sired

• Inulin, naturally-occurring high-Tg 
polysaccharide

• Sucrose , investigated but gene rally 
not pre fe rred due  to low Tg

• Cyclodextrans (be ta, HP-be ta in 
particular) have  been studied, still 
need work for lung compatibility

• Sorbitol has a lower Tg, but has been 
successfully used to stabilize  IgG 
spray dried powders (Maury e t al)

• Lactose  is approved for lung use , but 
appears le ss valuable  as a stabilize r 
than othe r sugars
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Component IV formulation Spray solution Powder 
composition

mAb 30 mg/ mL 4 mg/ mL 40% wt

Trehalose 60  mg/ mL 4 mg/ mL 40% wt

Leucine 0 2 mg/ mL 20% wt

Surfactant 0 .04% wt ~0 ~0

Buffe r 50mM 1mM ~1% wt

She pard  e t al, AAPS PharmSciTe ch 2021

Solution-state  
stabilization

Solid-state  
pe rformance

Le ucine -e nriche d 
surface

Minimal salt  
crysta llization

API/ stabilize r matrix 
loading is high

Buffe r salts are  important for stabilizing 
many pH-sensitive  APIs

Once  in solid form, buffe r salts can ge t in 
the  way if concentrations are  high:
• Hygroscopic  mate rial
• Can compe te  with leucine  for surface
• Phase  separated from API
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Downstream impact of formulations

Dry powders still need to be filled into their device (capsule, reservoir or blister)

Spray dried pulmonary powders tend to  have  poor 
to  extremely poor flow propertie s

Drum filling he lps, but every formulation is diffe rent

Formulation-re lated variables which impact 
downstream operations:
• Hygroscopicity of excipients
• Particle  size  (nasal vs. pulmonary)
• Surface  characte ristics of particle s
• Particle  shape  and rugosity Example  drum fille r for capsule s, Harro Höflige r
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Opportunity? Consortium of Respiratory 
Developers for Excipients of Interest ?

5

Excipient Toolbox is still Growing

• Increasing complexity of molecule s /  mixture s
• Risk of not using optimal excipients if limited to currently-

approved excipients
• Will like ly require  exploring nove l excipients

• Nove l Excipients and Approval Requirements (next slide )

Other Gaps and Challenges

• Ambiguous excipient categorie s (ove rlapping) may cause  
confusion

• Inte raction of excipient and API re sulting in decreased e ffect of 
excipient, or complexing of API re sulting in decreased e fficacy.

• Stabilization-centric  excipients; excipients for improving drug 
de live ry, absorption, targe ting.
• Carrie rs, targe ting agents, muco-adhesive s (ex. Chitosan,

ge llan gum, PEG, PVA. currently PEG3350 is approved)
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Requirements for Novel Excipients

Any excipient that is not fully supported by existing safety data with respect to
the currently proposed level of exposure, duration of exposure, or route of administration.

Prope r p lanning during  e arly de ve lopme nt is important to  pre ve nt de lays in product approval.

FDA and EMA outline  re quire me nts for nove l e xcip ie nt approval.

FDA Nove l Excip ie nt e valuation ouline d in ”Section IV. Recommended strategies to support
marketing of new excipients in drug products” including:

A Safe ty Pharmacology (ICH Guidance  S7A)

B Inte nde d for Short-Te rm Use  (14  day tre atme nt window)
• Acute  Toxicology and Nonc linical Safe ty Studies, 2 spec ies

(1 rodent and 1 non-rodent) (CDER Guidance  Single  Dose Acute 
Toxicity Testing for Pharmaceuticals,  ICH Guidance  M3)

• Toxico- and Pharmacokine tic s (ICH Guide lines S3A and S3B)

• Genotoxic ity (ICH Guidance  S2B)
• 1-month repeat-dose  toxicology studies - 2 spec ies 

Reproduc tive  toxicology (ICH Guide lines S5A and S5B)

C Inte nde d for Inte rme diate  Use  (14  day – 3 months)
• IV. A and B + 3-month repeat-dose  toxicology studies (2 spec ies) 

D Long-Te rm Use  (> 3 months)
• IV. A, B, and C + 6 month repeat-dose  

toxicology study (rodent)
• 6 month or up to  9-12 month chronic  

(non-rodent) 
• Carc inogenic  potential (ICH Guidance  

S1A and S2B)

E For Intranasal and Pulmonary Products
• IV. A, B, C, or D + Sensitization (Immunotox.) (CDER Guidance  

Immunotoxicology Evaluation of Investigational New Drugs)
• If systemic  exposure  obse rved, additional toxicology studies by 

oral or parente ral routes

F Photosafe ty (CDER Guidance  Photosafety  Testing)

Gaps, Challenges, Outlook 5
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Excipients for Protein and Nucleic Acid Therapeutics

Category Present Absent

Buffering Agent

ACETIC ACID, ANHYDROUS CITRIC ACID, CALCIUM CARBONATE, CITRIC 
ACID MONOHYDRATE, GLYCINE, MONOBASIC POTASSIUM PHOSPHATE, 
SODIUM BICARBONATE, SODIUM PHOSPHATE, SODIUM PHOSPHATE, 
DIBASIC (ANHYDROUS, DIHYDRATE, DODECAHYDRATE, 
HEPTAHYDRATE), TROMETHAMINE

SODIUM ACETATE, SODIUM SUCCINATE, ARGININE, ALANINE, ASPARTIC 
ACID, GLUTAMIC ACID, LYSINE, HISTIDINE

pH-Adjusting Agent

ACETIC ACID, ANHYDROUS CITRIC ACID, ANHYDROUS TRISODIUM 
CITRATE, ASCORBIC ACID, CITRIC ACID MONOHYDRATE, 
HYDROCHLORIC ACID, NITRIC ACID, SODIUM BICARBONATE, SODIUM 
HYDROXIDE, SULFURIC ACID

PHOSPHORIC ACID

Tonicity Agent ANHYDROUS DEXTROSE, DEXTROSE, DEXTROSE MONOHYDRATE, 
GLYCERIN, MANNITOL, POTASSIUM CHLORIDE, SODIUM CHLORIDE

*Unde rline d  e ntrie s re pre se nt ove rlap  be twe e n prote in and NA the rape utic e xcip ie nts.

pH and salt concentration are critical for controlling folding state and minimize physical and chemical degradation. 
The most commonly utilized buffer is sodium phosphate with some level of sodium or potassium chloride.
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Excipients for Protein and Nucleic Acid Therapeutics

Most commonly used surfactants included polysorbate 80, polysorbate 20, and poloxamer 188. These agents are 
used not only to stabilize against interfacial tension but also to reduce aggregation or protein -protein interactions. 

Category Present Absent

Surfactant
BENZALKONIUM CHLORIDE, CETYLPYRIDINIUM 
CHLORIDE, POLYSORBATE 20 , POLYSORBATE 80 , 
PROPYLENE GLYCOL, SODIUM LAURYL SULFATE

POLOXAMER 188, TRIPALMITIN, PALMITIC ACID, 
COLFOSCERIL PALMITATE, DISMYRISOTYL GLYCEROL 

*Unde rline d  e ntrie s re pre se nt ove rlap  be twe e n prote in and NA the rape utic e xcip ie nts.
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Commonly used lyoprotectants  and stabilizers are sugars - sucrose, mannitol, and trehalose.
They act to maintain molecular structure in both the liquid and solid state affecting physical stability.

Category Present Absent

Lyoprotectant  / 
Bulking Agent GLYCINE, LACTOSE, MANNITOL SUCROSE, TREHALOSE

Stabilizer

BUTYLATED HYDROXYTOLUENE, CELLULOSE 
MICROCRYSTALLINE/ CARBOXYMETHYLCELLULOSE SODIUM, 
EDETATE DISODIUM, FERRIC OXIDE, GLYCINE, HYDROXYETHYL 
CELLULOSE (2000 MPA.S AT 1%), HYPROMELLOSE, MANNITOL, 
POLYETHYLENE GLYCOL 3350, POLYETHYLENE GLYCOL 400, 
POLYSORBATE 20, POLYSORBATE 80, SILICON DIOXIDE, SODIUM 
METABISULFITE, SORBITOL, TITANIUM DIOXIDE

ALBUMIN, ARGININE, ALANINE, ASPARTIC ACID, GLUTAMIC ACID, 
LYSINE, HISTIDINE

*Unde rline d  e ntrie s re pre se nt ove rlap  be twe e n prote in and NA the rape utic e xcip ie nts.
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*Underlined entries represent overlap between protein and NA therapeutic excipients.

Category Present Absent

Antimicrobial Agent
ALCOHOL, BENZALKONIUM CHLORIDE, BUTYLATED HYDROXYANISOLE, CALCIUM CHLORIDE, CETYLPYRIDINIUM 
CHLORIDE, CHLOROBUTANOL, GLYCERIN, METHYLPARABEN, PHENYLETHYL ALCOHOL, PHENYLMERCURIC ACETATE, 
PHENYLMERCURIC NITRATE, POTASSIUM SORBATE, PROPYLENE GLYCOL, PROPYLPARABEN, SODIUM BISULFITE, SODIUM 
METABISULFITE, THIMEROSAL, THYMOL, ZINC OXIDE

METACRESOL

Solubilizing Agent
BENZALKONIUM CHLORIDE, CETYLPYRIDINIUM CHLORIDE, GLYCINE, HYPROMELLOSE 290 6 (4 MPA.S), HYPROMELLOSE 
2910  (40 0 0  MPA.S), HYPROMELLOSE 2910  (5 MPA.S), LANOLIN, POLYSORBATE 20 , POLYSORBATE 80 , PROPYLENE 
GLYCOL, SODIUM LAURYL SULFATE, SORBITAN MONOLAURATE, SORBITAN TRIOLEATE

ISOPROPYL ALCOHOL, MYIONOSITAL

Antioxidant ASCORBIC ACID, BUTYLATED HYDROXYANISOLE, BUTYLATED HYDROXYTOLUENE, CITRIC ACID MONOHYDRATE, SODIUM 
BISULFITE, SODIUM METABISULFITE, THYMOL

METHIONINE

Complexing Agent EDETATE DISODIUM, MAGNESUM CHLORIDE

Diluent for Solid 
Dosage Form

CASTOR OIL, MAGNESIUM STEARATE, POLYETHYLENE GLYCOL 3350 , POLYETHYLENE GLYCOL 40 0

Dispersing Agent CELLULOSE MICROCRYSTALLINE/ CARBOXYMETHYLCELLULOSE SODIUM, HYPROMELLOSE

Lipids and Liposome 
Forming Agents

(6Z,9Z,28Z,31Z)- he ptatriaconta-6,9,28,31 te traen-19-yl-4-(dimethylamino) butanoate  (DLin-MC3-DMA), 1,2-
diste aroyl-sn-glycero-3- phosphocholine (DSPC), α-(30 -{[1,2- di(myristyloxy)propanoxy] 
carbonylamino}propyl)-ωmethoxy, polyoxyethylene (PEG 2000 C-DMG), 2[(polye thyle ne  glycol)-2000]- 
N,N dite trade cylace tamide, (4-hydroxybutyl)azane diyl)- bis(he xane -6,1-diyl)bis(2- he xyldecanoate ), SM-
102, Chole ste rol
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