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What does HPLC mean?

High Pressure Liquid Chromatography

High Priced Liquid Chromatography

Hewlett-Packard Liquid Chromatography

High Performance Liquid Chromatography

Hocus Pocus Liquid Chromatography

High Patience Liquid Chromatography

HPLC in Pharmaceutics
Quantitative Analytical Technique No 1
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Elution through the Column-movie

Stationary 
Phase

Distribution:

K = C s/Cm

Mobile phase
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The Chromatographic Process

Chromatogram

Time

Area A = 300,000

Area B = 100,000
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Tswett's Experiment

* Tall Glass Open Column filled with 

Sand-Like Particles (1903)

* Ground-up Plant Extract in Solvent

* Poured into the Column and

noticed Colored Bands develop
as the Extract percolated 

down through the Column

* Different Compounds had Separated

Chromato =  Color
Graphy =  Science/writing

Note: Tswett means color in Russian

Gravitational Chromatography

Low Performance Liquid Chromatography

HPLC Column

in Oven

עמודה כרומטוגרפית

בתוך תנור

Auto Sampler

דוגם אוטומטי
Pump משאבה -
flows 50-5000µL/min)

Fraction 

Collector

אוסף דוגמאות

Waste

Detector   

    גלאי

Control &

Data 

Processing

1.  Fucose

2.  Galactosamine

3.  Glucosamine

4.  Galactose

5.  Glucose

6.  Mannose
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HPLC System Components
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Comparison of Performance

0

0.2

0.4

0.6

0.8

1

0 5 10 15 20

0

0.2

0.4

0.6

0.8

1

0 5 10 15 20

Elution volume (mL)

N
o
rm

a
liz

e
d
 c

o
n
c
e
n
tr

a
ti
o
n

High Performance

Low Performance

Benefits of HPLC: Sensitivity
רגישות : HPLCי תר ונ ות  
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Benefits of HPLC: 
Analysis of Complex Sample of Related Compounds

:HPLCיתר ונו ת  של 
אנליזה של דוגמאות מ ור כבות של חומ רים דומים בהרכבם הכימי 
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ION-EXCHANGE SIZE-EXCLUSION BIO-AFFINITY CHIRALITY

PRINCIPLE OF SEPARATION: : עקרון ההפרדה 

INORGANIC IONS, 
ACIDS, BASES

POLYMERS, PROTEINS,  
NUCLEIC ACIDS PROTEINS & 

ENZYMES ENANTIOMERS

AQUEOUS BUFFERS, IONIC 
SOLUTIONS

AQUEOUS BUFFERS  OR ORGANIC 
SOLVENTS 

AQUEOUS BUFFERS 
AND SPECIAL 
ADDITIVES

AQUEOUS OR 
ORGANIC SOLVENTS

SOLUTES: : מומסים 

CONDITIONS: 
 תנ אי עבודה :

High Performance Liquid Chromatography
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SOLUTES:  סוגי חומרים 

MOST OF THE
BIOMEDICAL SUBSTANCES 

CONDITIONS:   תנאי עבודה 

AQUEOUS  MIXTURES  WITH   METHANOL, ACETONITRILE 
AND ADDITIVES (BUFFERS, ION -PAIRS)

REVERSED PHASE
90% of all HPLC Applications

Chromatographic Process:Chromatographic Process:         הכרו מט וגרפ יהכרו מט וגרפ י התהליך   התהליך  

Reversed PhaseReversed Phase

A

B

Migration through the Column
מסע דרך העמודה

A

B (More Hydrophobic)

Chromatogram    כרומטוגרמה 

Hydrophobic
Stationary

Phase 

Distribution:

K = Cs/Cm

Mobile phase: פאזה נעה 
Water, Buffers

MeOH, Acetonitril, IPA

B+A

Ionizable
Molecules

מולקולות מיוננות
R1 N

R4

R2

R3

AMINES - 1,2,3,4

R
C

OH

O

CARBOXYLIC ACIDS

O P

OH

O

OHR R P

OH

O

OH

PHOSPHONATESPHOSPHATES

R S OH

OH

O

O S OH

OH

O

R R SH

THIOLSSULPHONATESSULPHATES

ALCOHOLS

R OHNH

Clinical Applications
ייש ומים רפ ואיים 
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STATIONARY PHASE
פאזה נחה

* PARTICLE DIAMETER

* SPHERE- IRREGULAR

* POROSITY

GEOMETRY

CHEMISTRY:

silica

pores

d

*  BONDED HYDROCARBON:
C-18, C-8, C-4, C-1

* % COVERAGE

* TYPE OF SILICA  GEL

* ADSORBED SURFACTANTS

SOLVENTS:
water, methanol, 
acetonitrile

ADDITIVES:
buffers, salts, ion-pairing 
reagents, complexants. 

MOBILE PHASE
פאזה נע ה 

ELUTION ORDER IN REVERSED PHASE
 סדר יציאה
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Reversed Phase Elution Order   סדר יציאה 

ADSORPTION

SOLUTES:חומרים מופרדים 

LIPOPHYLIC:
OILS, FATS, LIPIDS 

CONDITIONS:  תנאי עבודה 

ORGANIC SOLVENTS:  n-HEXANE, 
HEPTANE, CHLOROFORM, ALCOHOLS

NORMAL PHASE
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NORMAL PHASE SOLUTES

http://cellbio.utmb.edu/cellbio/membrane_intro.htm

Phospholipids

NORMAL PHASE

SOLVENTS: n-hexane, chloroform, ethanol, 2-
propanol

silica

A   
PORE

ELUTION ORDER IN NORMAL  
PHASE

TIME (MIN.)
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LIPOPHYLIC

ION-EXCHANGE SIZE-EXCLUSION BIO-AFFINITY CHIRALITY

PRINCIPLE OF SEPARATION: : עקרון ההפרדה 

INORGANIC IONS, 
ACIDS, BASES

POLYMERS, PROTEINS,  
NUCLEIC ACIDS PROTEINS & 

ENZYMES ENANTIOMERS

AQUEOUS BUFFERS, IONIC 
SOLUTIONS

AQUEOUS BUFFERS  OR ORGANIC 
SOLVENTS 

AQUEOUS BUFFERS 
AND SPECIAL 
ADDITIVES

AQUEOUS OR 
ORGANIC SOLVENTS

SOLUTES: : מומסים 

CONDITIONS: 
 תנ אי עבודה :

High Performance Liquid Chromatography
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ION EXCHANGE    חילוף יונים 
INSIDE A  PORE IN THE STATIONARY PHASE

בתוככי נק בובית באריזת ה פאזה ה נ חה

1.  INJECTION

2.  ADSORPTION:
DISPLACEMENT OF 
COUNTER IONS

3.  ELUTION
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MOBILE PHASE 
ADDITIVES-
Competition

COUNTER IONS 
OUT יון נגדי 

SAMPLE IONS IN

-
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ELUTION ORDER IN ANION 
EXCHANGE
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ELUTION ORDER IN CATION EXCHANGE

TIME (MIN.)
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DENSITY OF CHARGE

K+ Na+ Li+

Zn++ Al+++Ag+

Analysis of Anions
 במי ש תייה אניונים אנליזה של 

1  Fluoride     = 1 ppm
2  BiCarbonate
3  Chloride     = 2
4  Nitrite         = 4
5  Bromide     = 4
6  Nitrate        = 4
7  Phosphate = 6
8  Sulfate       = 4

0.00 5.00 10.00 15.00Minutes

1
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7 8

Column:      Waters IC Pak A/HR

Eluent:        Borate / Gluconate

Flow Rate: 1 mL/min

Injection:    100  Lµ

m
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Amino Acids Analysis In Plasma
Ion Exchange with Ninhydrin detection

אנליזה של חומצות אמי ניו ת 

ENANTIOMERS: 
MIRROR IMAGES OF ONE ANOTHER

כיראליותכיראליותהפרדות הפרדות 
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Circular Dichroism SPECTRA
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תמ ונ ות רא י 
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Asymmetric Synthesis   כיראליות- סינתזה שומרת 

CH2OH CH2OCOC(CH3)3
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BASIS FOR SEPARATION: CHIRAL RECOGNITION
  על  פני שטח ה פנים של ה פאזה הנחה כיראליתהכרה : עקרון ההפרדה 

O 2 N NO 2

C
O N

C

H

H

RBR

O

O 2 N NO 2

C
O N

C

H

H

RB
O

R

STATIONARY STATIONARY 
CHIRAL CHIRAL 
SELECTOR SELECTOR 

ENANTIOMERS

(-)

(+)

Chiral stationary phases:

*   Ligand exchange 

*   ππππ-Donor ππππ-acceptor (Pirkle)
*   Chiral Host-guest (cyclodextrin)
*   Immobilized proteins

*   Immobilized polysaccharides

SEPARATION OF ENANTIOMERS OF TERPENOIDS

  OH

 O

CH2OCOC(CH3)3

O

CH2OCOC(CH3)3

OH

(+)
(+)

(+)

(+)

(-)

(-)

(-)

(-)

4-oxo-myrtenyl pivalate

cis- verbenol
cis-4-hydroxy-myrtenyl pivalate

Verbenone

SEPARATION OF 6 ENANTIOMERIC PAIRS OF CANNABINOIDS

HU- 210 + HU 211(+) /  (-) CBD

HU- 243 + HU 251

(+) /  (-)  ∆∆∆∆1-THC

(+)

(-)

(+) (-)
(+)

(-)

(+)

(-)

(-)
(+)

(+) / (-) 7-OH ∆∆∆∆6-THC

(-)(+)

(+) /  (-)  ∆∆∆∆6-THC
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SIZE EXCLUSION CHROMATOGRAPHY
Gel Permeation Chromatography -GPC 

 דחיקה על  פי גודל  המומס-עקרון ההפרדה

ELUTION ORDER: 
LARGER ELUTE FIRST

הגדולים יוצאים ר אשונ ים 

תהליך ההפרדה 

STATIONARY STATIONARY 
PHASEPHASE

MOBILE MOBILE 
PHASEPHASE

Gel Permeation mechanism

Scanning electron 

micrograph
of an agarose gel. 
Magnification x 50,000.
Ref. Anders S. Medin,PhD
Thesis, Uppsala University 

1995.

ELUTION ORDER IN SIZE EXCLUSION (GPC)
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Gel Filtration/Size Exclusion/Gel Permeation

1M 500 K 250 K 100 K 25 K

Polymer Peak

Narrow standards

Calibration 
curve

Log
Mw
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500K
250K
100K
25K

Elution Time or Volume
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Clinical Applications

Test of haemoglobin variant for Thalassemia

טלסמיהאנליזה של המוגלובין וריאנטים עבור 

Affinity Affinity ChromatograpyChromatograpy (AC)(AC) זיקה  זיקה 
ביולוגית ביולוגית 

AC relies upon a reversible highly specific binding reaction.

שטח פנים של אריזת פאזה נחה

Sample molecules with 
no affinity for the 

ligand

Target sample Target sample 

molecule with full molecule with full 

affinity for the affinity for the ligandligand

Symbolic 
representation 
of a section of
an AC bead 
surface

מולקולו ת המטרה 

קישור 

ספציפי 

Affinity Affinity 
ChromatographyChromatography

2. Sample application and wash
The sample is applied under binding 

conditions.
The target molecule binds specifically to 
the affinity ligands, while all other 
sample components are washed 
through.

1. Equilibration

The column is conditioned 

to promote adsorption of 
the target molecule by 
equilibrating it with binding 
buffer.

3. Elution

The target 
molecule is 

desorbed and 
eluted by switching 
to elution buffer.

Glycohemoglobin in Blood

Glycated proteins differ from non-glycated proteins by the attachment 
of a sugar moiety(s) at various binding sites by means of a 
ketoamine bond. Glycohemoglobin (GHb) thus contains 1, 2-cis-
diol groups not found in non-glycated proteins. 

These diol groups provide the basis for separation of glycated and 
nonglycated components by boronate-affinity chromatography (1–
3).  In this analytical technique, a boronate such as phenylboronic
acid is bonded to the surface of the column support. 
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Hydrophobic Interaction Chromatography (HIC)Hydrophobic Interaction Chromatography (HIC)

Slightly 
hydrophobic 

sample 
component. 

Reasonable 
hydrophobic 

sample 

component

Quite 
hydrophobic 

sample 
component.

Highly 
hydrophobic 
contaminant.

1. Equilibration. 2. Sample 
application and 

wash.

4. 
Regeneration

3. Gradient elution.

Elution order:

2 Dimension Chromatography


