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Extraction and Analysis of Budesonide and 
16α-Hydroxyprednisolone in Dog Plasma Using 
Strata®-X and Kinetex® 2.6 µm C18 
Matthew Trass and Ramkumar Dhandapani
Phenomenex, Inc., 411 Madrid Ave., Torrance, CA 90501 USA      

Introduction
Budesonide is a nonsystemic corticosteroid with numerous appli-
cations for humans including the treatment of asthma and inflam-
matory bowel diseases. It is also commonly prescribed as veteri-
nary medication predominantly used for canine inflammatory dis-
ease. Despite its widespread use, knowledge is lacking regarding 
the pharmacokinetics in canine veterinary medicine. In order to 
study budesonide and its impact on dogs, an effective and robust 
analytical method is necessary. Here we present an LC/MS/MS 
method for the determination of budesonide and its primary me-
tabolite, 16α-hydroxyprednisolone, in dog plasma. This method 
uses utilizes Strata-X Solid Phase Extraction (SPE) of a plasma 
sample, followed by LC/MS/MS analysis using a Kinetex 2.6 µm 
C18 analytical HPLC column.

Experimental Conditions
Materials and Methods
Budesonide, 250 mg (Sigma Aldrich®, Part No.: B7777) 
16α-Hydroxyprednisolone (SynThink Research Chemicals, 
Part No.: SA14103)  
Betamethasone (BET), 100mg (Sigma Aldrich, Part No.: 34166) 
0.2 µm Filtered Canine Plasma, Disodium EDTA/Female 
(BioreclamationIVT)

Analyte Q1 Mass  
(Da)

Q3 Mass  
(Da)

Dwell  
(msec) DP CE

16α-Hydroxyprednisolone 377.2 226.4/147.5 50 105/110 31/36

Betamethasone 393.2 373.3/355.2 50 105/110 13/19

Budesonide 431.2 323.1/147.3 50 75/120 19/42

Table 1. MRM Transitions 
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Figure 2. Zoomed baseline of blank plasma extract on a Kinetex 2.6 µm C18

Figure 1. Plasma extract spiked with 2 ng/mL on a Kinetex 2.6 µm C18

LC/MS/MS Conditions
Column: Kinetex 2.6 µm C18

Dimensions: 50 x 2.1 mm
Part No.: 00B-4462-AN

Mobile Phase: A: 0.1% Formic acid
B: 0.1% Formic acid in Methanol

Gradient: Time (min)   B (%)
0                   25
3                   95
5                   95

Flow Rate: 0.5 mL/min
Injection: 20 µL

Temperature: Ambient
Detection: API 5000™, ESI +ve (SCIEX)                                                 

MS conditions:
GS1: 55                
GS2: 55               

IS: 5000               
Temp: 600               
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SPE Conditions 
Cartridge: Strata-X 30mg /1mL

Part No.: 8B-S100-TAK
Pretreatment: 1 mL plasma/reagent water (1:1) and spike with BET internal 

standard

Condition: 1 mL Methanol
Wash: : 1 mL Water

Load: 1 mL pretreated plasma samples
Wash: 3 mL Methanol/Water (5:95)

Dry: Under 10 Hg for 2 min

Elute: 1.5 mL Methanol
Evaporate: To dryness under nitrogen at 35 °C                                      

Reconstitute: Add 100 µL of Methanol/Water (25:75) to dried down sample                                    
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Figure 3. Hydroxyprednisolone plasma extracted calibration curve from 
1.0-20 ng/mL, r2=0.9999

Figure 4. Budesonide plasma extracted calibration curve from 1.0-20 ng/
mL, r2=0.9999

Results
Presented here is an SPE method using Strata®-X to extract 
budesonide and its primary metabolite from plasma, followed 
by LC/MS/MS analysis. For chromatographic separation, a Ki-
netex® 2.6 µm C18 column is used because of the high efficien-
cy that core-shell columns provide as well as excellent peak-
shape and resolution for budesonide, 16α-hydroxypredniso-
lone and betamethasone (I.S.) as shown in Figure 1. Additional-
ly, very little matrix interference is observed, resulting in easily 
quantifiable peaks at relatively low concentrations as shown in 
Figure 2. The optimized SPE procedure using Strata-X not only 
helped in cleaning up matrix interferences but also provided 
excellent linearity for 1-20 mg/mL of budesonide metabolites as 
presented in Figure 3 and 4.

Conclusion
The Kinetex 2.6 µm C18 HPLC column displays symmetri-
cal peak-shape and excellent resolution for the analysis of 
budesonide and its primary metabolite, 16α-hydroxypredniso-
lone. By pretreating canine plasma samples with a simple and 
straight-forward Strata-X SPE protocol, the majority of the ma-
trix interferences are removed. By cleaning up the sample, low 
detection limits are observed and down-time due to instrument 
maintenance is minimized.

References
1. Gazzotti T, Barbarossa A, Zironi E, Roncada P, Pietra M, Pagliuca G., An 

LC-MS/MS method for the determination of budesonide and 16α-hydroxy-
prednisolone in dog plasma. ELSEVIER (2016). Volume 3: 139-143 (2006), 
48-6172,525-529.6.
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Presston 100 Tube Adapter Kits (for AH0-9334)
Part No. Description

AH0-9344 1 mL Tube Adapter Kit

AH0-9345 3 mL Tube Adapter Kit

AH0-9346 6 mL Tube Adapter Kit

Presston™ 100 Positive Pressure Manifold
Part No. Description

AH0-9334 Presston 100 Positive Pressure Manifold, 96-Well Plate

AH0-9342 Presston 100 Positive Pressure Manifold, 1 mL Tube Complete Assembly

AH0-9347 Presston 100 Positive Pressure Manifold, 3 mL Tube Complete Assembly

AH0-9343 Presston 100 Positive Pressure Manifold, 6 mL Tube Complete Assembly 

The Presston 100 96-Well Positive Pressure Manifold can also 
process 1, 3, and 6 mL tubes using the following adapter kits

WARRANTY Phenomenex warrants that for a period of 12 months following delivery, 
the Presston 100 Positive Pressure Manifold you have purchased will perform in 
accordance with the published specifications and will be free from defects in materials 
or workmanship. In the event that the Presston 100 Positive Pressure Manifold does not 
meet this warranty, Phenomenex will repair or replace defective parts. Please visit  
www.phenomenex.com/Presston for complete warranty information.

2.6 μm MidBore™ Columns (mm)
SecurityGuard  

ULTRA Cartridges‡

Phases 30 x 3.0 50 x 3.0 75 x 3.0 100 x 3.0 150 x 3.0 3/pk
XB-C18 00A-4462-Y0 00B-4462-Y0 00C-4462-Y0 00D-4462-Y0 00F-4462-Y0 AJ0-8775

for 3.0 mm ID

2.6 μm Analytical Columns (mm)
SecurityGuard  

ULTRA Cartridges‡

Phases 30 x 4.6 50 x 4.6 75 x 4.6 100 x 4.6 150 x 4.6 3/pk
C18 00A-4462-E0 00B-4462-E0 00C-4462-E0 00D-4462-E0 00F-4462-E0 AJ0-8768

for 4.6 mm ID

Ordering Information 
Kinetex® Core-Shell HPLC/UHPLC Columns 

5 µm Columns (mm)
SecurityGuard™  

ULTRA Cartridges‡
SecurityGuard  

ULTRA Cartridges‡

Phases 50 x 2.1 3/pk 50 x 4.6 100 x 4.6 150 x 4.6 250 x 4.6 3/pk
C18 00B-4601-AN AJ0-8782 00B-4601-E0 00D-4601-E0 00F-4601-E0 00G-4601-E0 AJ0-8768

for 2.1 mm ID for 4.6 mm ID

1.7 μm Minibore Columns (mm)
SecurityGuard 

ULTRA Cartridges‡

Phases 30 x 2.1 50 x 2.1 100 x 2.1 150 x 2.1 3/pk
C18 00A-4475-AN 00B-4475-AN 00D-4475-AN 00F-4475-AN AJ0-8782

for 2.1 mm ID

1.7 μm MidBore Columns (mm)
SecurityGuard  

ULTRA Cartridges‡

Phases 50 x 3.0 100 x 3.0 3/pk
C18 00B-4475-Y0 00D-4475-Y0 AJ0-8775

for 3.0 mm ID

2.6 μm Minibore Columns (mm)
SecurityGuard  

ULTRA Cartridges‡

Phases 30 x 2.1 50 x 2.1 100 x 2.1 150 x 2.1 3/pk
C18 00A-4462-AN 00B-4462-AN 00D-4462-AN 00F-4462-AN AJ0-8782

for 2.1 mm ID

1.3 µm Columns (mm)
Phase 50 x 2.1
C18 00B-4515-AN

Ordering InformationOrdering Information
Strata®-X SPE
Format Sorbent Mass Part Number Unit
Tube

30 mg    8B-S100-TAK** 1 mL (100/box)
30 mg 8B-S100-TBJ 3 mL (50/box) 
60 mg    8B-S100-UBJ** 3 mL (50/box) 

100 mg 8B-S100-EBJ 3 mL (50/box) 
100 mg 8B-S100-ECH 6 mL (30/box) 
200 mg 8B-S100-FBJ 3 mL (50/box) 
200 mg 8B-S100-FCH 6 mL (30/box) 
500 mg 8B-S100-HBJ 3 mL (50/box) 
500 mg 8B-S100-HCH 6 mL (30/box)

Giga™ Tube
500 mg 8B-S100-HDG 12 mL (20/box)

1 g 8B-S100-JDG 12 mL (20/box)
1 g 8B-S100-JEG 20 mL (20/box)
2 g 8B-S100-KEG 20 mL (20/box)
5 g 8B-S100-LFF 60 mL (16/box)

Teflon® Tube
200 mg 8B-S100-FBJ-T 3 mL (50/box) 

200 mg 8B-S100-FDG-T 12 mL (20/box)

96-Well Plate
10 mg 8E-S100-AGB 2 Plates/Box
30 mg 8E-S100-TGB 2 Plates/Box
60 mg 8E-S100-UGB 2 Plates/Box

96-Well Microelution Plate
2 mg 8M-S100-4GA ea

‡SecurityGuard ULTRA Cartridges require holder, Part No.: AJ0-9000

** Tab-less tubes available. Contact Phenomenex for details.
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www.phenomenex.com
Phenomenex products are available worldwide.  For the distributor in your country,  
contact Phenomenex  USA, International Department at international@phenomenex.com

Terms and Conditions 
Subject to Phenomenex Standard Terms and Conditions which may be viewed at  
www.phenomenex.com/TermsAndConditions. 

Trademarks 
Strata-X and Kinetex are registered trademarks and SecurityGuard, MidBore, Giga, and 
Presston are trademarks of Phenomenex.  API 5000 is a trademark of SCIEX Pte, Ltd.  AB 
SCIEX is being used under license. Sigma-Aldrich is a registered trademark of Sigma-Aldrich 
Co. LLC. Teflon is a registered trademark of E.I. du Pont de Nemours and Co.

Disclaimer 
Phenomenex is not affiliated with Sigma-Aldrich Co. LLC. 

Strata-X is patented by Phenomenex. U.S. Patent No. 7,119,145

© 2016 Phenomenex, Inc. All rights reserved. 

If Phenomenex products in this technical note do not provide at least 
an equivalent separation as compared to other products of the same 
phase and dimensions, return the product with comparative data 
within 45 days for a FULL REFUND.
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