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column ID analytical semi-prep preparative process

1-8 mm X

10-40 mm X

50-100 mm X

>100 mm X

particle size (μm): 0.1-10 5-15 15-100 100+

HPLC dimensions
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UHPLC HPLC





Silica-based stationary phases

density of –OH groups: 8-9 μmol/m2

surface coverage of bonded phase: 40-50% of silanol groups

dp = 1-10 μmendcappingType B silica

hybrid silica



End-capping
Spacer

Side group

Polar embedded group



Borges EM, Volmer DA. J Chrom Sci 2015;53:1107-22.
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normal phase separations

reversed phase separations



Choosing the mobile phase

• The choice of mobile phase(s) depends on a number of factors:

• Type of separation (reversed phase/HILIC/normal phase/ion chromatography)

• Type of detector

• Chemical properties of the analyte: polarity, pKa, presence of aromatic rings and 
heteroatoms, steric properties

• Basic types of HPLC separations:

• Isocratic: no change in mobile phase

• No equilibration time

• Lower solvent consumption

• Fewer sources of error

• Lower risk of losing reproducibility

• Gradient: programmed changes in mobile phase compositions

• Shorter runs

• Longer column lifetime

• Requires fast re-equilibration of detector not used with electrochemical detection



What can the chromatographer do to enhance
selectivity, specificity and sensitivity?

• select the instrument configuration

• select the stationary phase

• select the mobile phases

• select the separation settings

• analytical column dimensions

• column space temperature

• mobile phase gradient program

• mobile phase flow rate

• select the detection settings



• Bulk-property detectors: refractive index

• Analyte specific detectors: absorbance, fluorescence, electrochemical, conductivity, 
radioactivity

• Mobile phase modification detectors: evaporative light scattering, corona discharge

• Hyphenated techniques: mass spectrometry, infrared spectroscopy, nuclear magnetic
resonance spectroscopy

Classification of detectors





• Makes up 96% of the dried content of RBC’s
• HbA (>95%): α (α1 and α2) and β chains (α2β2)
• A2 (1.5-3.5%): α2δ2

• F: α2γ2

• Several pathological variants exist









Applications of glycated haemoglobin measurements

• Diagnosis of diabetes

• Monitoring the progress of therapy

• Results correlate with average blood glucose levels in past 6-12 weeks



Lab technology for evaluating HbA1c

• HPLC-VIS (420/500 nm)

• Separation by cation exchange chromatography

• Sample: whole blood, EDTA-coated tube

• Fully automated

• Run time: 48-90 s

http://www.arkray.eu/english/products/laboratory/habalc/ha-8180.html



https://www.chromsystems.com/products/hemoglobin-testing/hemoglobin-variants-hplc-15330.html

HPLC-VIS, 415 nm



Roberts JA et al. Brit J Clin Pharmacol 2011;73:27.

Pharmacokinetic-pharmacodynamic indices of antibiotics



Assaying 6 antibiotics and 2 β-lactamase inhibitors in serum using
reversed-phase HPLC with UV detection

• Analytes: ampicillin, cefepime, ceftazidime, linezolid, meropenem, piperacillin, sulbactam, 
tazobactam

• Preanalytical considerations:

• Analytes are unstable

• Serum should be separated, 100 µL mixed with 20 µL solution of preservative

• Store sample frozen

• HPLC conditions:

• 2 groups of analytes

• Group 1: gradient run (13 min)

• Detection at 210 nm: ampicillin, sulbactam, tazobactam

• Detection at 290 nm: cefepime, ceftazidime, meropenem

• Group 2: isocratic run (5 min)

• Detection at 255 nm: linezolid, piperacillin

• Column temperature: 22 °C
https://www.chromsystems.com/antibiotics-in-

serum-plasma-61000.html



Group 1

Group 2

Isocratic run
255 nm

Gradient run
210/290 nm



Fluorescence detection



Photoluminescence

Fluorescence Phosphorescence



Jablonski diagram







Clinical laboratory parameters frequently assayed using HPLC 
with fluorescence detection

Homocysteine



https://rgd.mcw.edu/wg/home/pathway2/molecular-
pathways2/methionine-homocysteine-folate-and-related-
metabolites-pathway-suite/

MTHFR

https://rgd.mcw.edu/wg/home/pathway2/molecular-pathways2/methionine-homocysteine-folate-and-related-metabolites-pathway-suite/


http://myhealthmaven.com/mthfr-gene-mutation-impact-health/

http://myhealthmaven.com/mthfr-gene-mutation-impact-health/


Homocysteine: clinical lab details

• specimen: plasma (EDTA, heparinized)

• specimen stability: ambient, 1 h. Refrigerated: 1 week. Frozen: 3 months

• 0-30 y: 4.6-8.1 µmol/l

• 30-59 y: males – 6.3-11.2 µmol/l, females – 4.0-7.9 µmol/l

• >59 y: 5.8-11.9 µmol/l



Pathology of homocysteine

• plasma and urine levels elevated in homocystinuria

• plasma levels elevated in Vitamin B-12 deficiency, vitamin B-6 deficiency, folic acid
deficiency

• plasma levels may be elevated in hypothyroidism, impaired kidney function, SLE

• drugs can increase homocysteine levels: methotrexate, carbamazepine





Sample volume: 150 µL

1. Liberation: 100 mL/L tri-n-butylphosphine in DMF 4 °C/30 min
2. Deproteinization: 150 µL TCA solution (0.1 g/mL)
3. Derivatization

SP: C18 250x4x6 mm, 5 µm (ambient)
MP: 0.1 M KH2PO4 (pH=2.0):acetonitrile 96:4
FR: 0.8 mL/min
EX: 385 nm
EM: 515 nm
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60 °C, 60 min

Kuo K et al. Clin Chem 1997;43:1653.

7-fluorobenzafurazan-4-sulfonic acid
SBD-F

IS



Clinical laboratory parameters frequently assayed using HPLC 
with fluorescence detection

Porphyrins







Types of porphyrias

Acute porphyrias

Aminolevulinic acid dehydratase deficiency (ALAD)

Acute intermittent porphyria (AIP)

Hereditary coproporphyria (HCP)

Porphyria variegata (VP)

Chronic porphyrias

X-linked dominant protoporphyria (XLPDD)

Congenital erythropoietic porphyria (CEP)

Porphyria cutanea tarda (PCT)

Erythropoietic protoporphyria (EPP)









https://emedicine.medscape.com/article/1389981-overview

https://emedicine.medscape.com/article/1389981-overview


Cypriani MGSC et al. J Braz Chem Soc 2014;25:1918. 

EX: 400 nm (Soret-band)
EM: 620 nm





Fateen E et al. Egypt J Med Hum
Genet 2011;12:49.







How to approach porphyrin tests

• Urine: dilute and shoot

• Faeces: extract with organic solvent, concentrate+dilute with aqueous buffer

• Blood: separate red blood cells and add water for hemolysis



Electrochemical detection



Classes 5-6

Detectors

Electrochemical detection

https://www2.chemistry.msu.edu/courses/cem837/Electrochemical%20Detection.pdf

https://www2.chemistry.msu.edu/courses/cem837/Electrochemical Detection.pdf


Pros and cons of using HPLC-ECD systems

• Advantages:

• High selectivity

• MS-level sensitivity

• Electrochemical cell is enduring and maintainable by user

• Disadvantages:

• Only isocratic methods can be used efficiently

• No opportunity to obtain structural information on analytes

• Sensitive to chemical contaminations, requires user maintenance







Chromaffin cell tumors

• account for about 0.2-0.6% of hypertension cases

• genetic disposition or sporadic

• 10-17% of tumors are malignant

• phaeochromocytoma (80-85%), paraganglioma (15-20%)

• neuroblastoma: neural crest origin, most common malignancy at 0-1 y





Diagnostic workup of catecholamine producing chromaffin cell tumors



Eisenhofer G et al. Clin Chem 2018;64:1646.



The prerequisite of conducting efficient biochemical tests is
a precise preanalytical workflow

• Plasma tests:

• correct collection tube

• seated vs supine sampling

• sampling environment (patient stress)

• specimen storage and transport

• Urine tests:

• collected vs random urine

• pH control

• specimen storage and transport



2 e- 2 H+



Lenders JWM et al. J Clin Endocrin Metab 2014;99:1915.

Weak recommendation

Low quality evidence



Catecholamines:
epinephrine, norepinephrine, dopamine

urine: free plasma: free

Metanephrines:
metanephrine, normetanephrine, 3-methoxytyramine

urine: free or total plasma: free

End products:
vanilmandelic acid, homovanillic acid

urine: free

• extraction using
cation exchange

• WE: 550 mV
• analysis time: <5 min

• extraction using
aluminum oxide

• WE: 550 mV
• SP: ambient
• analysis time: <20 min

• hydrolysis of 
conjugated fraction
(cc acid, 95 °C, 30 min)

• extraction using cation
exchange

• WE: 750 mV
• analysis time: <10 min

• extraction using
cation exchange

• SP: ambient
• analysis time: <5 min

• extraction using anion exchange
• WE: 700-850 mV
• SP: ambient
• analysis time: <20 min

Electrochemical detection: amperometric
Working electrode: glassy carbon
Reference electrode: Ag/AgCl





norepinephrine

epinephrine
IS

dopamine



normetanephrine

metanephrine

IS

3-methoxytyramine



Vanilmandelic acid

isovanilmandelic acid
(IS)

5-hydroxyindolacetic acid

homovanillic acid

5-hydroxyindole-3-carboxylic acid
(IS)


