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GLP-1 Contents The glucagon-like-peptide-1 receptor (GLPr) is a G 
protein-coupled receptor (GPCR) that mediates the 
action of GLP-1, a peptide hormone. The activated 
receptor has a strong effect on the management 
of type 2 diabetes mellitus and obesity, including 
glucose homeostasis along with regulation of gastric 
motility and food intake.
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GLP-1 analogues, also known as glucagon-like 
peptide-1 analogues, are a class of medications used 
in the treatment of type 2 diabetes. They mimic the 
effects of the naturally occurring hormone called  
GLP-1, which helps regulate blood sugar levels.

Glucagon-like peptide agonists: A prospective 
review

GLP-1 analogues work by stimulating insulin secretion 
from the pancreas, reducing glucagon production, 
slowing down gastric emptying, and promoting a 
feeling of fullness. These actions help to control blood 
sugar levels, improve glycemic control, and may also 
lead to weight loss.1

Some commonly prescribed GLP-1 analogues include 
exenatide, liraglutide,  dulaglutide, semaglutide, 
and tirzepatide. They are typically administered by 
injection, either once or twice daily, depending on the 
specific medication and dose. Newer analogues can 
be administered weekly.

GLP-1 analogues are often used as an add-on therapy 
to other diabetes medications, such as metformin, 
when blood sugar levels are not well controlled. 
They have shown to be effective in lowering HbA1c 
levels, promoting weight loss, and reducing the risk of 
cardiovascular events.

1Glucagon-like peptide agonists:  
A prospective review Endocrinology, Diabetes & Metabolism

Zamara Mariam, Sarfaraz K. Niazi https://doi.org/10.1002/edm2.462
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Reversed Phase Separations

• Gradient conditions utilizing pH modifiers such as TFA, 
ammonium acetate, etc together with tailored organic 
ramp conditions provide high resolution separations. 

• Column options with a range of particle sizes are avail-
able, allowing for selection of a high efficiency column  
compatible with the HPLC/UHPLC instrument available. 

Recommended Columns

• Aeris Peptide 
A C18 core-shell option for peptides with di-isobutyl side 
chains, differentiating this C18 column. Superior peak 
shape is provided due to the shielding effect of the side 
chains, aiding in the prevention of unwanted secondary 
interactions.

• Biozen Peptide XB-C18 
A C18 stationary phase and di-isobutyl side chains on 
a core-shell particle offering inert BioTI hardware for 
enhanced peptide and peak shape.

• Kinetex Biphenyl 
Core-shell particle bonded with biphenyl as an alternative 
selectivity to C18, providing polar retention and aromatic 
selectivity.

• Kinetex EVO 
An organo-silica, inert core-shell C18 providing excellent 
robustness and peak shape, resistant to extreme pHs.

• Luna C18(2) 
Fully porous, good general C18 with the potential to scale 
directly to prep and bulk

Preparative Scale Separations 
Flash cartridges, AXIA prepacked preparative columns and 
bulk material for self-packing are options for consideration.

Recommended prep columns/bulk materials

• Luna C8(3)

• Luna C18(3)

• Gemini C8(3)

Size Exclusion for Aggregate Analysis

When considering aggregation, size exclusion separations 
utilizing robust, durable columns are advised. 

Recommended Column

• Biozen dSEC-2

Regardless of whether the peptides are produced through fermentation or synthetic methods, the resulting 
mixture is typically complex and includes closely related peptides, such as failed sequences, which necessitate 
chromatographic separation. Therefore, high-resolution solutions are essential to ensure the purity of the final 
product. Phenomenex provides a wide range of solutions to meet these needs.

Selecting a Chromatographic Column to Fit Your Needs

Bio Core-Shell Technology by Phenomenex

Core-Shell Technology

OH
OH

https://www.phenomenex.com/products/aeris-hplc-column/aeris-peptide-xb-c18
https://www.phenomenex.com/products/biozenlc-hplc-column/biozen-peptide-xb-c18
https://www.phenomenex.com/products/kinetex-hplc-column/kinetex-biphenyl
https://www.phenomenex.com/products/kinetex-hplc-column/kinetex-evo-c18
https://www.phenomenex.com/products/luna-hplc-column/luna-c18-2
https://www.phenomenex.com/products/axia-preparative-lc-column
https://www.phenomenex.com/products/biozenlc-hplc-column/biozen-dsec
http://www.phenomenex.com
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Determination of Semaglutide and Tirzepatide in Plasma

Glucagon-like-peptide-1 (GLP-1) agonists are considered one of the most prom-
ising classes of diabetes drugs on the market. Semaglutide and Tirzepatide, 
as next-generation GLP-1 drugs, not only stimulate insulin release in the body 
effectively controlling blood sugar levels, but also inhibit gastrointestinal motility 
and increase satiety. This technical note establishes a method for determining 
Semaglutide and Tirzepatide drugs in plasma, providing a scientific basis for 
further research on drug safety and therapeutic efficacy.

Have questions or want more details on implementing this method? We would love to help! 
Visit www.phenomenex.com/Chat to get in touch with one of our Technical SpecialistsPage 1 of 4
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Introduction
Glucagon-like peptide-1 (GLP-1) agonists are considered one of the most promising 
classes of diabetes drugs on the market.  Semaglutide and Tirzepatide, as next-generation 
GLP-1 drugs, not only stimulate insulin release in the body effectively controlling blood 
sugar levels, but also inhibit gastrointestinal motility and increase satiety. This technical 
note establishes a method for determining Semaglutide and Tirzepatide drugs in plasma, 
providing a scientific basis for further research on drug safety and therapeutic efficacy.

Table 1. Semaglutide and Tirzepatide Structural Information. 

LC Conditions
Column: Aeris  2.6 µm Peptide XB-C18

Dimensions: 100 x 2.1 mm
Part No.: 00D-4505-AN

Mobile Phase: A: 0.1 % Formic Acid
B: 0.1 % Formic Acid in Acetonitrile

Gradient: Time (min)          %B
        0.0                  30
        0.5                  30
        3.0                  65
        3.5                  65
        4.0                  98
        5.5                  98
        5.6                  30
        7.0                  30

Flow Rate: 0.3 mL/min
Injection Volume: 5 µL

Temperature: 40 °C
LC System: Shimadzu® LC-20AD
Detection: MRM
Detector: SCIEX® 6500 Triple Quad

MS Conditions
Ion Source: ESI
Scan Mode: MRM Positive and Negative Mode

Source Temperature: 450 °C
GS1: 60 psi
GS2: 60 psi
CUR: 30 psi
CAD: High

IS: 5500 V

Sample Preparation

Step Description

Sample Pre-
treatment:

Combine 200 µL of EDTA anticoagulated bovine plasma and 400 µL 
of Methanol for protein precipitation.  Centrifuge at 15,000 g for 5 
minutes to obtain 500 µL supernatant.  Add 400 µL of Water, then 
vortex and use SPE to further clean up the sample.

Condition: Peptide-3-MW, 5 mg/1 mL 96-well plate (Agela) with 200 µL of 
Methanol, then 200 µL Water.

Load: Pre-treated samples into wells.

Wash: 200 µL Water.

Elute: 50 µL elution solvent (5 % Formic Acid in Ethanol / Water (4:1, v/v)) 
twice.  Vortex to mix.

Inject: 5 µL

Name Molecular Weight 
(Da) Structural Formula

Semaglutide 4113.57 C187H291N45O59

Tirzepatide 4813.45 C225H348N48O68

Table 2. MRM Transitions and Parameters.

Name Q1 (m/z) Q3 (m/z) DP (V) CE (V)

Semaglutide

1029.3 1238.5 40 41

1029.3 1110.3 40 39

1029.3 690.2 40 39

1029.3 960.5 40 51

Tirzepatide

1204.2 396.3 67 36

1204.2 910.0 67 33

1204.2 795.8 67 35

Tirzepatide Preparation and Purification

Tirzepatide is a Glucagon-like-peptide-1 (GLP-1) agonist and is considered one 
of the most promising diabetes drugs on the market. As a next generation GLP-1 
drug, it not only stimulates insulin release in the body effectively controlling blood 
sugar levels, but also demonstrates advantages for decreasing appetite, inducing 
weight loss, and decreasing chances for other diabetes-related complications. 
This application note establishes a method for the HPLC purification of crude 
Tirzepatide using a Luna 10 µm-PREP C18(3) HPLC column. The purity of the 
Tirzepatide was tested using the Agilent 1100 HPLC system and a high-pressure 
preparation system coupled with a Luna 5 µm C18(2) HPLC column. 

Have questions or want more details on implementing this method? We would love to help! 
Visit www.phenomenex.com/Chat to get in touch with one of our Technical SpecialistsPage 1 of 3
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Table 1. Tirzepatide Structural Information. 

Sample Preparation
Purification on the Luna 10 µm-PREP C18(3) column
Dissolve 120 mg of Tirzepatide sample in 5 mL of Dimethyl Sulfoxide.  Dilute this 
solution with 5 mL of Water / Acetonitrile (1:1, v/v).

Analytical purity testing on the Luna 5 µm C18(2) column 
Fractions were collected and injected onto the Agilent 1100 HPLC system for 
confirmation of purity.

Name Molecular Weight 
(Da) Structural Formula

Tirzepatide 4813.45 C225H348N48O68

Purification LC Conditions
Column: Luna 10 µm-PREP C18(3)

Dimensions: 250 x 10 mm
Part No.: 00G-4616-N0

Mobile Phase: A: 10 mM Ammonium Acetate in Water
B: Acetonitrile / 10 mM Ammonium Acetate in Water 
(80:20, v/v)

Gradient: Time (min)          %B
        0.0                  40
        50.                  47        

Flow Rate: 5.0 mL/min
Injection Volume: 10 mL

Temperature: Ambient
Detection: UV @ 220 nm

System: Octopus Plus (Agela)

Figure 1. Preparative Chromatogram. 
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Overview
Tirzepatide is a Glucagon-like peptide-1 (GLP-1) agonist and is considered 
one of the most promising diabetes drugs on the market.  As a next-
generation GLP-1 drug, it not only stimulates insulin release in the body 
effectively controlling blood sugar levels, but also demonstrates
advantages for decreasing appetite, inducing weight loss, and decreasing 
chances for other diabetes-related complications.  This application note 
establishes a method for the HPLC purification of crude Tirzepatide using 
the Octopus Plus preparative HPLC system coupled with a Luna 10 µm-PREP 
C18(3) HPLC column.  The purity of the Tirzepatide was tested using the 
Agilent 1100 HPLC system and a high-pressure preparation system coupled 
with a Luna 5 µm C18(2) HPLC column.  Crude Tirzepatide sample was 
provided by a customer in China.

Applications

Determination of Tirzepatide High MW Aggregation Using 
TFA Modifier

Tirzepatide is a glucose-dependent insulinotropic polypeptide (GIP)/Glucagon-like 
peptide-1 (GLP-1) dual receptor agonist and a new drug for the treatment of Type 
2 Diabetes. Compared to traditional GLP-1 receptor agonists, Tirzepatide has 
more significant hypoglycemic and weight loss effects.

This application note attempts to establish chromatographic conditions for the 
detection of Tirzepatide aggregates using a biologically inert size exclusion 
chromatographic (SEC) column. The Biozen dSEC-2 column contains highly 
hydrophilic particles packed into titanium alloy column hardware, thereby reducing 
any potential interaction between protein or peptide molecules and the column 
packing and column hardware. Due to the high inertness and sharp peak shape 
provided by the dSEC-2 column, the sensitivity for detecting trace amounts of 
aggregates in preparations can be improved. In this study a TFA based mobile 
phase system was utilized.

 

Have questions or want more details on implementing this method? We would love to help! 
Visit www.phenomenex.com/Chat to get in touch with one of our Technical SpecialistsPage 1 of 2

AN-1180

Determination of Tirzepatide High MW Aggregation Using
TFA Modifier
Jiao Wang1, Jun Lu1, Liuliu Wu2, and Bryan Tackett, PhD3
1Tianjin Bona Agela Co., Ltd, Shanghai MDS Application Laboratory, Building 1, No. 518, Fuquan North Road, Changning District, Shanghai, 
China, 200335
2Tianjin Bona Agela Co., Ltd, 179 South Street, West Zone, Tianjin Economic-Technological Development Area (TEDA), Tianjin, China, 300462
3Phenomenex Inc., 411 Madrid Ave., Torrance, CA 90501 USA

 

 

 

  

 

Table 1. Tirzepatide Structural Information. 

LC Conditions
Column: Biozen  3 µm dSEC-2

Dimensions: 300 x 7.8 mm
Part No.: 00H-4788-K0

Mobile Phase: 0.1 % Trifluoroacetic Acid in Water / 0.1 % 
Trifluoroacetic Acid in Acetonitrile (55:45, v/v)

Flow Rate: 0.5 mL/min (Isocratic)
Injection Volume: 10 µL

Temperature: 30 °C
Detection: UV @ 215 nm

System: Agilent® 1260 Infinity II

Name Molecular 
Weight (Da) Structural Formula

Tirzepatide 4813.45 C225H348N48O68

Figure 1. Representative Chromatogram of Tirzepatide and 
Aggregate.

            

   

 

   

   

   

   

    

    

    

Peak 
No. Analyte Retention Time

(min) % Area Asymmetry Resolution

1 HMW Aggregate 18.59 0.24 1.01 -

2 Tirzepatide 19.46 99.76 0.98 1.91

1
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Figure 2. Zoomed-In Representative Chromatogram of 
Tirzepatide and Aggregate.
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Introduction
Tirzepatide is a glucose-dependent insulinotropic polypeptide 
(GIP)/Glucagon-like peptide-1 (GLP-1) dual receptor agonist and a new drug 
for the treatment of Type 2 Diabetes.  Compared to traditional GLP-1 
receptor agonists, Tirzepatide has more significant hypoglycemic and 
weight loss effects.

This application note attempts to establish chromatographic conditions for 
the detection of Tirzepatide aggregates using a biologically inert size 
exclusion chromatographic (SEC) column.  The Biozen dSEC-2 column 
contains highly hydrophilic particles packed into titanium alloy column 
hardware, thereby reducing any potential interaction between protein or 
peptide molecules and the column packing and column hardware.  Due to 
the high inertness and sharp peak shape provided by the dSEC-2 column,
the sensitivity for detecting trace amounts of aggregates in preparations 
can be improved.

The results shown in Figures 1 and 2 suggest that the aggregate and main 
peaks have symmetrical and sharp peak shapes, good separation, and high 
detection sensitivity.  Therefore, the use of the Biozen 3 µm dSEC-2 SEC 
column under these method conditions is suitable for the detection of 
Tirzepatide aggregates.

DOWNLOAD APPLICATION

DOWNLOAD APPLICATION

DOWNLOAD APPLICATION

https://www.phenomenex.com/documents/2024/05/01/09/48/tirzepatide-preparation-and-purification
https://www.phenomenex.com/documents/2024/05/01/09/48/tirzepatide-preparation-and-purification
https://www.phenomenex.com/documents/2024/05/01/09/48/tirzepatide-preparation-and-purification
https://www.phenomenex.com/documents/2024/04/24/08/01/determination-of-semaglutide-and-tirzepatide-in-plasma
https://www.phenomenex.com/documents/2024/05/01/09/48/tirzepatide-preparation-and-purification
https://www.phenomenex.com/documents/2024/05/01/10/03/determination-of-tirzepatide-high-mw-aggregation-using-tfa-modifier
http://www.phenomenex.com
http://
http://
http://
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Determination of Tirzepatide High MW Aggregation Using Phosphate 
Buffer

This application note attempts to establish chromatographic conditions for the 
detection of Tirzepatide aggregates using a biologically inert size exclusion 
chromatographic (SEC) column utilizing a phosphate buffer based mobile phase 
system. The Biozen dSEC-2 column contains highly hydrophilic particles packed 
into titanium alloy column hardware, thereby reducing any potential interaction 
between protein or peptide molecules and the column packing and column 
hardware. Due to the high inertness and sharp peak shape provided by the dSEC-
2 column, the sensitivity for detecting trace amounts of aggregates in preparations 
can be improved.
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Table 1. Tirzepatide Structural Information. 

LC Conditions
Column: Biozen  3 µm dSEC-2

Dimensions: 300 x 7.8 mm
Part No.: 00H-4788-K0

Mobile Phase: 100 mM Sodium Chloride + 50 mM Phosphate 
Buffer (pH 6.8) / Acetonitrile (70:30, v/v)

Flow Rate: 0.5 mL/min (Isocratic)
Injection Volume: 10 µL

Temperature: 30 °C
Detection: UV @ 214 nm

System: Agilent® 1260 Infinity II

Name Molecular 
Weight (Da) Structural Formula

Tirzepatide 4813.45 C225H348N48O68

Figure 1. Representative Chromatogram of Tirzepatide and 
Aggregate.

Peak No. Analyte Retention Time
(min) % Area Asymmetry Resolution

1 HMW Aggregate 18.62 0.38 1.65 -

2 Tirzepatide 19.58 99.62 1.01 2.11

1

2

Figure 2. Zoomed-In Representative Chromatogram of 
Tirzepatide and Aggregate.
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Introduction
Tirzepatide is a glucose-dependent insulinotropic polypeptide 
(GIP)/Glucagon-like peptide-1 (GLP-1) dual receptor agonist and a new drug 
for the treatment of Type 2 Diabetes.  Compared to traditional GLP-1 
receptor agonists, Tirzepatide has more significant hypoglycemic and 
weight loss effects.

This application note attempts to establish chromatographic conditions for 
the detection of Tirzepatide aggregates using a biologically inert size 
exclusion chromatographic (SEC) column.  The Biozen dSEC-2 column 
contains highly hydrophilic particles packed into titanium alloy column 
hardware, thereby reducing any potential interaction between protein or 
peptide molecules and the column packing and column hardware.  Due to 
the high inertness and sharp peak shape provided by the dSEC-2 column,
the sensitivity for detecting trace amounts of aggregates in preparations 
can be improved.

The results shown in Figures 1 and 2 suggest that the aggregate and main 
peaks have symmetrical and sharp peak shapes, good separation, and high 
detection sensitivity.  Therefore, the use of the Biozen 3 µm dSEC-2 SEC 
column under these method conditions is suitable for the detection of 
Tirzepatide aggregates.

Applications

Development of a 2-Step Liraglutide Purification Process on a Single 
Stationary Phase

Liraglutide is a human glucagon-like peptide-1 (GLP-1) analogue with a 31 amino 
acids sequence that is 97 % similar to endogenous human GLP-1 (Figure 1). Lira-
glutide was approved in the EU in 2009, followed closely by approval in the U.S. 
in 2010. Currently, Liraglutide is commercially available in more than 95 countries 
and has been approved for the treatment of type 2 diabetes and obesity in adults 
with related comorbidity. Generic versions of Liraglutide are in development, this 
technical note is a useful method development starting point for new generic 
versions of Liraglutide.

Manufacturing a commercially successful synthetic peptide API often requires a 
multistep purification process to achieve the necessary purity, yield and through-
put. The first step will typically isolate the desired component from the crude 
mixture but not achieve the purity level required. A “polishing” step is needed 
to achieve the desired purity. In order to keep manufacturing costs down, the 
purification process needs to be optimized. In particular, the number of steps and 
chromatographic stationary phases used should be kept to a minimum.

 

pH Sensitivity

Have questions or want more details on implementing this method? We would love to help! 
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Introduction
Liraglutide is a human glucagon-like peptide-1 (GLP-1) analogue with a 31 
amino acids sequence that is 97 % similar to endogenous human GLP-1 
(Figure 1). Liraglutide was approved in the EU in 2009, followed closely by 
approval in the U.S. in 2010.  Currently, Liraglutide is commercially available 
in more than 95 countries and has been approved for the treatment of type 
2 diabetes and obesity in adults with related comorbidity.

Manufacturing a commercially successful synthetic peptide API often 
requires a multistep purification process to achieve the necessary purity, 
yield and throughput.  The first step will typically isolate the desired 
component from the crude mixture but not achieve the purity level 
required.  A “polishing” step is needed to achieve the desired purity.  In 
order to keep manufacturing costs down, the purification process needs to 
be optimized.  In particular, the number of steps and chromatographic 
stationary phases used should be kept to a minimum.

Peptides are chains of amino acid monomers linked by amide bonds.  Unlike 
proteins, their smaller size allows certain polarity and ionization properties 
to be predicted from its amino acid sequence.  These properties can provide 
insight into the selection of chromatographic stationary phases and mobile 
phases used for the purification process development.  A useful attribute of 
peptide chromatography is that selectivity can be altered by several means.  
The typical changing of the stationary phase is effective but can be costly for 
a preparative process.  Changing chromatographic selectivity by adjusting 
the pH, buffer composition or organic modifier can be effective, relatively 
simple and inexpensive.  By modifying these variables, a cost-effective 
multistep purification process can be developed for the purpose of 
achieving a high purity peptide product.

Table 1 . Characterized Liraglutide Sequence.

Figure 1. Chemical Structure for Liraglutide.

H-His-Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-Ser-Tyr-Leu-Glu-Gly-Gln-Ala-
Ala-Lys(γ-Glu-palmitoyl)-Glu-Phe-Ile-Ala-Trp-Leu-Val-Arg-Gly-Arg-Gly-OH

Positively charged residues (basic): Non-polar aliphatic residues: Aromatic residues:
Arginine Glycine Phenylalanine
Histidine Alanine Tyrosine
Lysine Valine Tryptophan

Leucine
Isoleucine

Negatively charged residues (acidic): Polar non-charged residues:
Glutamic Acid Threonine
Aspartic Acid Glutamine
Serine

Table 2 . Liraglutide Sequence Table.

Isoelectric 
Point

Acidic Side 
Chains

Basic Side 
Chains

Non-Polar 
Side Chain

Aromatic 
Side Chains

Polar 
(Uncharged) 
Side Chains

Liraglutide 4.9 5 4 13 4 6

Neutral pH Aliphatic Character Interactions Polar Interactions

Results and Discussion
Examination of the Liraglutide sequence of amino acids identified several 
chemical properties that are useful for chromatographic development 
(Table 1).  These properties include aliphatic, pi-pi, and polar interactions. 
With over a third of the amino acids being nonpolar and aromatic, 
stationary phases such as phenyl or aliphatic hydrocarbon stationary phases 
are suitable for this peptide.  The isoelectric point for Liraglutide is 4.9 and 
the amino acid sequence includes 4 acidic and 4 basic side chains.  This 
would indicate that pH could have a significant effect on the 
chromatography.  From the perspective of resolving power, this method 
development initially evaluated a C18 stationary phase (Figure 2).  With 
acidic eluent conditions, sufficient resolution was difficult to obtain 
between the main component and a significant impurity that eluted just 
after the main peak.  The ionization state of this peptide and impurity was 
altered by a buffer of Ammonium Bicarbonate, pH to 6.9 with Acetic Acid as 
the aqueous component.  This change in pH altered the chromatographic 
selectivity and reversed the elution order so this impurity eluted before the 
main peak. There was also a change in selectivity when using Acetonitrile 
versus a mixture of Acetonitrile - Alcohol as the organic component.  The 
gradient conditions were adjusted for initial conditions and rate of change.  

Organic modifiers were evaluated for their impact for the separation (Figure 
3).  First, 10 % of the Acetonitrile was replaced with Methanol, which 
provided different selectivity.  The amount of Methanol was increased to 20 
% but this was still not enough to fully separate the impurity.  Therefore, a 
slightly higher polarity alcohol, Ethanol, was used in place of Methanol as 
the organic modifier.  Good separation was achieved using the combination
of Ethanol and Acetonitrile as the organic components, even with
an increase in the flow rate.

Development of a Multi-Step Purification Process for the Purification 
of a Crude Synthetic Peptide (Exenatide) Mixture

Purification of crude synthetic peptide mixtures often employs a multi-step chro-
matographic purification process. The first step removes most of the undesired 
components, followed by another step to “polish” the material to the desired 
purity level. If applicable, a single step process can produce significant time and 
cost savings provided the single step can achieve the necessary purity while 
maintaining a desirable yield and throughput. A multi-step process using the same 
stationary phase, can provide considerable savings of time and costs compared to 
a process utilizing multiple stationary phases.
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Introduction
Purification of crude synthetic peptide mixtures often employs a multi-step 
chromatographic purification process.  The first step removes most of the 
undesired components, followed by another step to “polish” the material to 
the desired purity level.  If applicable, a single step process can produce 
significant time and cost savings provided the single step can achieve the 
necessary purity while maintaining a desirable yield and throughput.  A 
multi-step process using the same stationary phase, can provide 
considerable savings of time and costs compared to a process utilizing 
multiple stationary phases.

Selectivity is the ability of a chromatographic method to separate different 
components.  When multiple chromatographic steps are employed, the 
conventional idea is to use two or more complementary modes of 
chromatography such as ion-exchange, gel permeation, affinity, and 
reversed phase to take advantage of their different selectivities.  Changing 
the stationary phase is an effective way to obtain different selectivity, but 
this can be expensive and time consuming in a large-scale purification 
process.  Fortunately, the very nature of peptides allow for changes in 
selectivity based on changes in pH or the choice of organic solvent, which 
are relatively inexpensive and easily implemented.  Amino acids, the 
constituent building blocks of peptides, are categorized by their side chains 
as non-polar, aromatic, polar noncharged, positively charged, or negatively 
charged (Table 1).

By knowing the amino acid sequence of a peptide, its ionization and polarity 
properties are predictable.  There are a few key properties that are 
significant for chromatographic applications; the most significant being 
ionization.  There are amino acids with acidic and basic ionizable side chains, 
and the pH of the eluent will determine if these side chains are charged or 
neutral. If the stationary phase is silica-based, the pH will also determine if 
the surface of the stationary phase is neutral or negatively charged.  Also, 
the peptide will interact differently with the stationary phase depending on 
the different types of organic solvents and additives used in the eluent.  This 
is related to the polarity of the peptide and is mainly due to the non-
ionizable side chains.

The crude synthetic peptide used in this purification development study is 
crude Exenatide. The crude was obtained from a major peptide 
manufacturer located in the United States.  Exenatide is a glucagon-like 
peptide-1 (GLP-1) agonist and was approved in April 2005 for the treatment 
of diabetes mellitus type 2.  Exenatide is a synthetic version of exendin-4, a 
hormone found in the saliva of the Gila monster.  Exenatide is a 39 amino 
acid peptide, its chemical structure is represented in Figure 1.

Table 1 . Natural Amino Acids Classification.

Figure 1. Chemical Structure for Exenatide.

His-Gly-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Leu-Ser-Lys-Gln-Met-Glu-Glu-Glu-Ala-Val-Arg-
Leu-Phe-Ile-Glu-Trp-Leu-Lys-Asn-Gly-Gly-Pro-Ser-Ser-Gly-Ala-Pro-Pro-Pro-Ser-NH2

Positively charged residues (basic): Non-polar aliphatic residues: Aromatic residues:
Arginine Glycine Phenylalanine
Histidine Alanine Tyrosine
Lysine Valine Tryptophan

Leucine
Isoleucine
Proline

Negatively charged residues (acidic): Polar non-charged residues:
Glutamic Acid Threonine
Aspartic Acid Glutamine

Serine
Cysteine
Methionine
Asparagine

Table 2 . Amino Acid Distribution in Exenatide.

Isoelectric 
Point

Acidic Side 
Chains

Basic Side 
Chains

Non-Polar 
Side Chain

Aromatic 
Side Chains

Polar 
(Uncharged) 
Side Chains

Exenatide 4.38 6 4 16 3 10

Results and Discussion
Mobile Phase Screening on a Luna  10 µm-PREP C8(3) Column
The peptide used in this study contains 16 non-polar and 3 aromatic side 
chains (Table 2).  Exenatide is relatively non-polar and the use of a Luna 
C8(3) stationary phase is therefore an appropriate stationary phase.  
Acetonitrile was initially chosen for the strong solvent eluent component 
and because the final product is a lyophilized solid.  Also from Table 2, it can 
be deduced that pH could be an effective tool for altering the 
chromatographic selectivity between Exenatide and its related impurities.  
The compound of interest has an ionization point of 4.38 and there are 6 
acidic side chains and 4 basic side chains.  The initial screening of possible 
PREP conditions evaluated 4 different aqueous eluent components covering 
a pH range of 2 – 8 (Figure 2).  The isolated material from the optimized 
PREP screening experiments (Figure 3) were evaluated with analytical HPLC 
methodology on a Kinetex  EVO C18 column (Figure 4).  The first 
assessment was to determine if a single step purification process was 
feasible.  There was not a single step that could meet the purity requirement 
of 98.5 % with a suitable yield (Figure 4).  A multi-step purification process 
was required.  The desired final product was an Acetate salt, so the use of 
Acetate in the final step had significant processing advantages.  The 
Trifluoroacetic Acid screening material and the Acetate screening material 
did show complementary selectivity with different early and late eluting 
components.  The first step was selected to be a Trifluoroacetic Acid - 
Acetonitrile gradient and the second step was an Acetate - Acetonitrile 
gradient.
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