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“Complex” Definition by FDA*
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* FDA Guidance for Industry - M13A Bioequilvalence for Immediat-Release Solid Oral Dosage Forms, Oct. 2024 
FDA MAPP 5240.10 „Classifying Approved New Drug Products and Drug-device Combination Products as Comple Products for Generic Drug Development Purposes
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Complex Active 
Ingredients

Complex 
Formulations

Complex Routes of 
Delivery

Drug-Device 
Combinations

Complex Dosage 
Forms

• large molecules, 
peptides

• polymeric 
compounds

• nature derived 
substances

• liposomes 
• colloids
• long-acting 

injectables
• emulsions
• solid dispersions

• inhalation
• transdermal
• ophthalmic
• nasal delivery

• auto-injectors
• drug-coated 

stents

• extended-release 
tablets 

• implants
• microspheres



Discovery

• Targets
• Lead Molecules

Development

• Developability
• Phys/Chem
• Formulation 

Development 
• Clinical Trials 

Manufacturing

• Continuous 
Manufacturing

• Process Analytical 
Technologies 

• 3D Printing

Supply Chain

• Logistics
• Demand vs Supply
• Drug Shortages

Access

• Digital Health

3 Slide courtesy of Daniel Schaufelberger, Ph.D. Adj. Assistant Professor Johns Hopkins University, School of Medicine, Neurology, Nov 2016.14.07.2025

AI/ML in Drug Development  & Marketing
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BASF Pharma Solutions

Sign-up today:

ZoomLab® 
How we digitize, simplify and accelerate Drug Product Development 
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A revised version of the BCS helps assessing the developability of 
drugs for oral immediate-release dosage forms 

Biopharmaceutics Classification System (BCS)
■ Regulatory framework to reduce bioequivalence studies
■ Oral bioavailability of active ingredients estimated based on solubility 

in 250 mL of aqueous buffer (pH 1–7) and fraction absorbed
■ Low predictive power for in vivo performance

Developability Classification System (DCS)
■ Solubility in 500 mL of FaSSIF to calculate dose number
■ Effective permeability in humans instead of fraction absorbed
■ Differentiation between dissolution rate limited and solubility limited 

absorption (i.e., particle size taken into consideration) 
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Butler JM, Dressman JB. The developability classification system: Application of biopharmaceutics concepts to formulation development. Journal of Pharmaceutical Sciences. 2010;99(12):4940-54.
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Active ingredients in DCS class IIb / IV can be formulated as 
lipid-based formulations or amorphous solid dispersions 

9/202410

Decision

Amorphous solid 
dispersionsLipid-based formulations Colloidal drug delivery 

systems
Complexation with 

cyclodextrins

■ “Grease ball” molecules
■ Low melting point
■ “High” lipophilicity
■ Low polar surface area
■ Elongated, flexible 

structure
■ …

■ “Brick dust” molecules
■ High melting point
■ “Low” lipophilicity
■ Strong crystal lattice
■ Flat, rigid structure
■ High aromaticity
■ …
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Identification of solvents / polymers with / in which the active 
ingredient is miscible / soluble
■  
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Bagley plot to screen for suitable solvents / polymers

 Rainer Dobrawa, CRS Conference 2025 – MarComm-2025-00177



Dr. Ferdinand Brandl (BASF Pharma Solutions) – MarComm-2024-005119/202415



Dr. Ferdinand Brandl (BASF Pharma Solutions) – MarComm-2024-005119/202416



ZoomLab® provides tools for cyclodextrins, self-emulsifying drug 
delivery systems and amorphous solid dispersions
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Decision

Amorphous solid 
dispersionsLipid-based formulations Colloidal drug delivery 

systems
Complexation with 

cyclodextrins
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Self-emulsifying drug delivery systems (SEDDS) 
can effectively deliver poorly water-soluble drugs to the body

■ Identifying stable microemulsions often requires 
thousands of formulation trials

■ BASF used high-throughput screening to design 
10 unique SEDDS carrier formulations that can 
be easily reproduced by formulators

■ The formulations differ regarding digestibility, 
hydrophilicity and droplet size

■ Formulations with high drug loading capacity can 
be filled into soft-shell capsules

■ ZoomLab® supports the formulator in selecting 
suitable SEDDS carrier formulations

9/202418

● Unstable systems
● Stable multiphase systems
● Stable microemulsions
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The Screening Approach
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Emulsion-based formulations are challenging to design
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▪ Oil/Water emulsions will inevitably separate

▪ Emulsifiers help stabilize emulsions, but 
formulating is a balancing act between multiple 
competing forces

▪ Current formulation approaches are insufficient 
and inaccurate 

▪ New, innovative approaches are needed to 
streamline development

 Rainer Dobrawa, CRS Conference 2025 – MarComm-2025-00177



What is Hydrophilic-Lipophilic Difference (HLD)?
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▪ Is an easy-to-use empirical equation1,2

▪ Addresses existing formulation design shortcomings

▪ Considers multiple formulation effects3

▪ Provides insight on emulsion type, stability and 
improvement areas

HLD = Salinity – Oiliness + Temperature + Surfactant

HLD…

Formulation

Oils

Salinity

Emulsifier
s

Cosolvents

API
Temperature

1: Acosta et al., J. Surfact Deterg., 2008 
2: Acosta, Curr. Opin. Colloid Interface Sci., 2020

3: Acosta et al, Int J Pharma, 2021
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1: Kiran & Acosta, Ind & Eng Chem, 2015
2: Salager et al., J. Surfactants Deterg., 2005

3: Harwell et al., J Petrol Sci & Eng., 2015
4: Salager et al., Soc Petrol Eng, 1979

What is Hydrophilic-Lipophilic Difference (HLD)?
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▪ HLD < 0 indicates oil-in-water emulsion
▪ HLD > 0 indicates water-in-oil emulsion
▪ HLD = 0 is the phase – inversion point1

▪ HLD principles have been rigorously validated in 
the petroleum field for > 40 years2-4

HLD = f(S) – k EACN + α (T-25) + Cc

HLD = Salinity – Oiliness + Temperature + Surfactant 

Oil Effective
Carbon Number

Surfactant 
Curvature

Salinity

HLD = 0 HLD +HLD -

Emulsion

Emulsion

Water

Oil

14.07.20
25
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HLD is expanded by Net-Average-Curvature (HLD-NAC)
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▪ NAC theory combines HLD and surfactant geometry to 
understand droplet curvature and size1,2

▪ Curvature is used to predict formulation properties and 
potential instabilities

▪ Current methods can explore rates of coalescence, 
creaming, and Ostwald ripening

Tail length

Head 
Area

 
1: Sabatini et al., Langmuir, 2003
2: Kiran & Acosta, Ind & Eng Chem, 2015
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HLD is expanded by Net-Average-Curvature theory (HLD-NAC)

14.07.20
25

25

50:50 O/W 

Creaming 
limited

Creaming 
limited

Coalescence 
limited

Using HLD-NAC can…

▪ Predict droplet sizes from mixing conditions

▪ Provide optimal HLD values

▪ Allow formulator to identify areas of 
improvement
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Introducing BASFs HLD-NAC Toolkit, featuring ZoomLab®

14.07.20
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Build virtual 
formulation HLD-NAC Analysis

Fine-tuning
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Introducing BASFs HLD-NAC Toolkit, featuring ZoomLab®

14.07.20
25
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Today’s Solubilization Journey within ZoomLab® - more to come…
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ZoomLab® offers 
various solutions for formulators 

beyond Formulation Development



ZoomLab® Premium
Premium Accounts & Add-on Premium Services

ZoomLab® Single-User Premium provides 
individual formulators access to all basic 
content in ZoomLab® plus premium 
content: apps, learning center as well as 
scientific & technical support.

ZoomLab® Corporate Premium groups 
multiple formulators of a company under one 
corporate account: advanced data security & 
project administration features tailored to the 
needs of pharmaceutical companies. 
Corporate Premium provides access to all 
basic & premium content in ZoomLab® 

Free ZoomLab® Core account for 
individual users

Premium Accounts

Speed up formulation development by benefiting 
from Lab Services, e.g. prototype formulation 
tested in our labs or characterization of APIs.

Single-User Core Single-User Premium Corporate Premium

ZoomLab® Laboratory Services ZoomLab® Customized Workshops

30 days 
free trial 
available

Book a workshop with ZoomLab® experts to see the full 
potential of ZoomLab® as part of a customized formulation 
journey.

Premium Services

30 BASF Pharma Solutions

Sign-up today:
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Single-User Premium

• Premium apps offer improved efficiency and 
productivity through internally developed machine 
learning models and data generation

• Premium accounts are frequently updated with 
new features and improvements

• Users receive scientific support and exclusive 
learning center content

• Unlimited number of projects

• Free trial: Test Single-User Premium for 30 days

Corporate Premium

Enjoy all the features of Single User Premium plus

• Enhanced data security through a multi-tenant 
architecture: company data remains confidential, 
with no tracking of usage

• Corporate Single-Sign-On if required

• Ability to share and collaborate on projects within 
the same organization

• Tailored onboarding seminar

Benefits of ZoomLab® Premium accounts
Offers are exclusive to existing customers

31 BASF Pharma Solutions MarComm-2025-00163

Sign-up today:
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Register for free at virtualpharmaassistants.basf.com and meet 
your Virtual Pharma Assistants today!
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