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Challenges in Ocular Bioanalysis
Roadmap

• Introduction: eye physiology and other interesting BA related facts

• Challenge 1: complications of dealing with ocular tissues

• Challenge 2: LLOQ & dynamic range requirements

• Challenge 3: control matrix sourcing, 3Rs and ethical issues

• Challenge 4: data interpretation

• Challenge 5: contracting out ocular BA

• Conclusions, Q&A
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• There are many ocular diseases still presenting unmet medical needs. 
Therefore, new ophthalmologic drugs are developed

• Ocular drugs need to be designed to act locally in the eye and not have an 
effect when present systemically

• Dosage non-compliance by patients due to lack of apparent symptoms create 
the requirement for new medicines with longer duration of action. Hence, we 
can expect compounds designed to bound to tissues and have low clearance 
(high LogP, non specific binding, carry over,..) 

• Formulation often hard to develop, most compounds are not that water 
soluble (we aim for large duration of action) and most vehicles may irritate the 
eye, so solubility is an issue. Hence, formulations have low concentrations and 
so do the samples to analyze
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Introduction: eye physiology, BA related facts
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• Ocular studies typically have several dose routes: IV, PO and eye drops

• Eye drops: each drop is 50 µL: 43-45 µL lost in humans after first blink! 

• Often (not always) we see a PK profile similar to a PO dose. This is due to the 
dose been absorbed through the tear canal into the back of the throat
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Challenges in Ocular Bioanalysis
Introduction: eye physiology, BA related facts

• Front of the eye vs back of the eye

• Liquid Matrices:
Aqueous humor, vitreous humor, tears,…

• Solid matrices:
Cornea, iris, sclera, ciliary body, trabecular meshwork,…

• Eye needs to keep its shape to work, only one time point per eye can be taken: 
variability and high animal use if design not carefully planned!

• Plasma / humor concentration ratio is known from preclinical studies: We do 
not need to sample humans for humor so it is easier to get consent
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Challenges in Ocular Bioanalysis
Challenge 1: dealing with ocular tissues
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Rabbit Pig Mouse

Sample collection is part of the analytical process: care should be taken in dissecting the
eyes. In vivo scientist must be experienced, have proper tools and team up with BA
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A variety of matrices (tissues, plasma, humor, tears,…) that are very different 
between them and have very different volumes/weights

Challenges in Ocular Bioanalysis
Introduction: eye physiology, BA related facts
Challenge 1: dealing with ocular tissues

Enric Bertran, EBF 9th Open Meeting, Barcelona



Challenges in Ocular Bioanalysis
Challenge 1: dealing with ocular tissues

• Lots of different tissue matrices! Recovery of homogenization step unknown

• Not all liquid matrices behave the same: plasma vs tears/humor

• Not all tissues behave the same: skin or retina produce emulsions easily

• Stability in tissue homogenate? how to generate regulatory standard stability?
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• Make sure skin is diluted with excess of water, and use organic with retina 
Plasma also works well. 1:5 or 1:10 dilution generally works

• Stability in tissue homogenate, using qualified methods

• Only plasma methods are validated to fully meet regulatory standards

• Humor diluted with plasma and the plasma method is used (higher LLOQ)
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Challenges in Ocular Bioanalysis
Challenge 2: LLOQ & dynamic range requirements

• Low LLOQ required: small tissue samples and low concentrations

• Often formulation contains high amount of excipients as well as a 
detergent and doses can not be very high due to solubility issues 

• Large dynamic range required: we use linear fit in all our methods and IV 
samples are analyzed together with not dosed eye samples. Need to make sure 
we do not dilute most samples or the regulators may query the range
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• State of the art instruments used: Sciex API6500 (other manufacturers OK) and 
method is tuned for sensitivity and linearity (LLOQ=10 pg/mL typical)

• Experienced staff (micro sampling prep), with “do it right first time” attitude, 
as often we only have one small sample and we are unable to repeat
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Bioanalytical Challenges in Support of 
Ophthalmology Projects
Challenge 3: Control matrix, 3Rs and ethical issues

• Control matrix prices, for humor: 
– Minipig: 3075 USD per individual & 39,975 USD 100 mL pooled
– Rabbit: 340 USD per individual & 170,000 USD 100 ml pooled

• High number of animals required to provide enough matrix for CAL/QC and 
LTS samples preparation: incompatible with our commitment to the 3Rs 
(reduce, refine & replace) policy in the use of animals
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• Use of surrogate matrix: i.e. plasma or whole eye homogenate

• Use matrices from other species not necessarily used for bioresearch: i.e. 
bovine humor for CAL preparation 

• Use tiered approach on tissue analysis, validate plasma to fulfill regulations
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Bioanalytical Challenges in Support of 
Ophthalmology Projects
Challenge 4: Data interpretation

• Scientific evaluation of data: can we be sure all dose is absorbed? For instance 
rats have very pointy eyes that are difficult to dose and we use one animal per 
time point so if we have strange profiles, are they real?

• Plasma and humor do not explain everything: in one particular project of ours 
PD effect (intraocular pressure) drops immediately after dose but Cmax in 
plasma is 4 hours and in humor much latter. Are concentrations in humor or 
plasma PD related? 
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• Perform data interpretation based on knowledge of facts, communication with 
in vivo scientist and knowing the question to answer is key

• PD and humor concentration not necessarily related: absorption happens for 
some compounds in tear canal or somewhere else inside the head? 
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Bioanalytical Challenges in Support of 
Ophthalmology Projects
Challenge 5: Contracting out Ocular BA

• CRO experience: most CROs are not that experienced in ocular bioanalysis

• Even if experienced, CROs do not perform ocular BA often

• CRO equipment: not all CROs have state of the art equipment so it is not 
possible to transfer methods
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• Use CROs with right combination of experience and equipment

• Develop methods in house (with the CRO and its equipment in mind) and keep 
knowledge in house

• Manage CRO well (and vice versa), have a good relation, communicate well 
and work together to fix analytical issues 
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Bioanalytical Challenges in Support of 
Ophthalmology Projects
Conclusions

• Ocular BA presents many challenges, but it helps if you have state of the art 
equipment and experienced scientist to achieve the low LLOQ and wide 
linear dynamic ranges required and have in-house knowledge

• Lots of ocular tissue analysis is required, done with qualified methods on a 
tiered approach, only plasma is validated to full regulatory  standard

• During data interpretation a lot more factors are involved than in regular non 
ocular studies. Dosing, sampling, physiological issues involved

• It is hard for CROs to perform ocular BA, we can help by managing and 
working together with them. This kind of studies allow to see what CROs 
really have strong method development skills.
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Doing now what patients need next
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