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Why quantify in Cerebrospinal Fluid (CSF)?

• Does drug reach its target? (mostly CNS)
o Evaluate brain penetration of a drug

• Are effects measurable?
o Biomarker evaluation (Amyloids, Tau, ...)

Focus on human CSF (hCSF)

Vanderstichele et	al,	Alzheimer’s	&	Dementia	8	(2012)	65–73
Kadar	et	al,	Bioanalysis	(2010)	2(4),	755–767	
Nirogi et	al,	Journal	of	Neuroscience	Methods	209	(2012)	379– 387
Fukazawa	et	al,	Journal	of	Pharmacological	and	Toxicological	Methods	61	(2010)	329–333
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What is CSF?

• Composition:
o Salts, glucose
o Some vitamins
o Small amount of peptides/proteins:

0.01 – 0.05% 

E.J.	Thompson,	J	Neurol	Neurosurg	Psychiatry	1995	59:	349-357

Risk	for	non-specific	binding
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Potential for adsorption during various steps 
of the process
Sampling:
• Catheter or needle
• Collection tube (sterile)
• (Centrifugation)
• Aliquoting into storage tubes
• Freezing

Analysis:
• Thawing
• (Vortex mixing)
• Take accurate subsample
• Sample preparation

Ø Various materials are possible
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Upfront evaluation of adsorption needed

• Evaluate all steps

• Generate detailed sampling procedure
• Materials
• Temperatures
• Allowed time,...

BUT:

Need for aliquots for several determinations by different labs, 
each with own requirements

Complex combined sampling procedures
• Phase-I studies
• Multi-site studies

Ø You can’t prepare for every situation



7

Are there general trends?
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What did we test?

• Needle
• Collection tubes
• Pipet tips
• Storage tubes

• % Filling and residence time
• pH influence
• Temperature, Freeze/Thaw
• Additives

• Set of 12 compounds

• Tests with n=3 or 5 tubes;
• 3 or 5 aliquots per tube

• Use of artificial CSF: costs!

Compound pKa LogP

Compound 1 n/a 2.4

Quinidine 4.8 / 9.3 2.9

Risperidone 9 3.3

Midazolam 1.7 / 6.2 3.3

Esketamine 7.5 / 18.8 3.3

Compound 2 6 3.7

Compound 3 2 4.6

Amitriptyline 9 4.9

Compound 4 2.1 / 12.2 5.4

Bedaquiline 8.9 / 13.6 7.1

Clofazimine 9.3 / 13.6 7.3

Buclizine 8 7.4
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Evaluation of pH of CSF

CSF	age pH	values	(range)

Fresh	(literature) pH	7.2–7.4

2	days	old	(1	F/T) pH	7.7	(6.9–8.2),	%CV	4.1,	n=35

10	- 12	days	old	
(1	F/T	and	2	F/T)

pH	8.2	(7.8–8.7),	%CV	1.1/1.6,	n=34	each

Purchased pH	8.4

Ø From sampling to storage: pH 7.5

Ø Evaluations in storage tube: pH 7.5 and pH 9
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Results Pipet tips
• Aliquots of 20 µL, 500 µL
• aCSF with 0.25% BSA

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1 2 3 4 5 6Pipet

logP	5.2

aliquot	1 aliquot	2 aliquot	3 aliquot	4 aliquot	5

1=	Eppendorf repeating
2=	Gilson	pos.	displ
3=	Eppendorf pos	displ
4=	Eppendorf air	column	
5=	Low	retention
6=	Low	bind

stock

A

B

n=10

Recovery	=	A	/ref,	B/ref,...

Stock	
DMSO

ref

A

B C D E Sarstedt 3.5	mL disposable	pipet	(500	µL):	
no	significant	adsorption
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Time Dependent Adsorption in
Storage Tubes
aCSF, no BSA, pH 7.5, 80% filling

t = 5 – 40 min

Tubes:
• FluidX: external thread : 1.0 mL
• Nunc: Cryotube internal thread : 1.8 mL
• Micronic: push cap: 1.4 mL
• Sarstedt: external thread : 1.5 mL

Impact of the cap

stock

A B

n=5	per
Time	point

n=5 n=5

Recovery	=	B	/	A
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Time Dependent Adsorption in
Storage Tubes
• 4 cmpds with logP<3.5:recovery 100% for all tubes; 

no time dependency
• 3 cmpds with logP<5:recovery down to 50%;Tube 

dependent; Time dependent for first 10 minutes
• 3 cmpds with logP> 5: recovery may be very low 

upon time
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% Tube Filling and Storage

aCSF; pH 7.5; 20% vs 80% fill volume
2h storage at RT and cold; F/T effect (2h @ -20°C)
• Temperatures and F/T have some influence

lo
gP

%	recovery	(2h,	RT)

stock

A B

n=5	per
Time	point

n=5 n=5

Recovery	=	B	/	A



Recovery (%) of various logP compounds

Filter Settings
- 2h @ RT
- pH: 7.5, 9.0
- Matrix aCSF, hCSF
- 20% vs 80% filled

pH

aCSF vs	hCSF
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What if adsorption cannot be avoided?

Compensate in sample analysis procedures
§ Use additive (Tween80, BSA, acid/base)
§ Prepare calibration standards and QC samples similarly to 

clinical samples
– Scale down, but keep volume/surface ratio similar
– Keep same brand of materials

Ø Increased risk for failure of analytical runs

Other options:
§ Accept wider acceptance limits
§ Discuss with team that results represent the minimum 

concentration, an underestimation
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Strategy for adsoprtion assessment 

• Check with team for requirements of other determinations

• Apply controlled test conditions
• Standardize tests: materials, timing, working order, 

references,....
• Mimic situation in clinics

• Evaluate logP and pKa

• If pKa close to physiological pH: test two pH values

• If low logP: limited tests (type of tube)

• If moderate to high logP
• add adsorption test for pipets
• Evaluate effect of residence time in storage tube
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Strategy: additional recommendations

• Use high quality materials, polypropylene

• If using aCSF, repeat pivotal steps with hCSF

• Limit multiple transfers to reduce variation

• Fill recipients as much as possible
• Adapt tube to available volume
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Conclusions

• Many challenges to reduce non-specific binding
• Major issue with adsorption is in the storage tubes

• FluidX slightly favorable: homopolymer
• Temperature, %filling, residence time and matrix do matter

• Mitigation of adsorption needs adaptation per compound 
and per study

• Use of Tween80 or BSA have limited effect on recovery
• Compensation for adsorption in analytical design has 

limited value
• Wider acceptance criteria may be only option for 

challenging compounds

• Adsorption dynamics still not fully understood
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