
Urea Increases Extraction Recovery and 
Assay Speci�city For Drug Analysis in 
Human Breast Milk Using LC/MS/MS

INTrOducTiON

DB289 (2,5-bis[4-(N-methoxyamidino)-phenyl] furan) is a prodrug of DB75 
(2,5-bis(4-amidinophenyl) furan), which has been shown to have activity 
against a number of pathogens, including Trypanosoma brucei gambiense 
(African Sleeping Sickness, trypanosomiasis), Pneumocystis jiroveci pneumonia 
(PCP) in patients with HIV infection and AIDS, and Plasmodium vivax/
Plasmodium falciparum malaria.

Pregnant women are the main adult risk group for African Sleeping Sickness 
and malaria in most endemic areas of the world.1 Therefore, determining the 
extent of drug transfer into breast milk is critical for clinical safety evaluation 
of DB289 and its metabolites. Drug concentrations in breast milk are an 
important determinant in assessing exposure risk to the fetus and infants. A 
robust and sensitive assay method was developed and validated to quantify 
DB289 and its active metabolite in human breast milk.

Figure 1. Chemical structures of DB289 (top) and DB75 (bottom)
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METHODS

 SAMPLE PREPARATION

Aliquot 100 µL of each sample into 96-well plate. 

Add working internal standard (100 ng/mL of DB289-d
8
 & 

DB75-d
8
).

Vortex mix for ~ 30 seconds.

Centrifuge ~ 3000 rpm for ~ 3 minutes.

Allow samples to sit protected from light for ~ 10 minutes 
to equilibrate.

Dilute all samples with 0.500 mL of 8.0 M urea in 50 mM,  
pH = 3.0-3.5 NH

4
-acetate.

Vortex mix for approximately 2 minutes.

SOLID�PHAsE EXTRACTION

Assemble polycrom B1000 1 cc 20 mg cartridges (part # 
68900201R).

Condition columns with 1 x 0.3 mL MeOH.

Equilibrate columns with 1 x 0.3 mL 8.0 M urea in 50 mM,  
pH = ~ 3.0-3.5 NH

4
-acetate.

Load samples onto columns.

Wash with 0.300 mL of  50 mM NH
4
-acetate (pH 3 to 3.5).

Wash with 0.300 mL of  50 mM NH
4
-acetate (pH 3 to 

3.5); methanol (80/20, v/v, prepared fresh). Apply high 
pressure for 1 minute to dry columns.

Elute into clean 96-well plate with 0.300 mL of 
acetonitrile.

Elute into the same plate with 0.300 mL of  freshly 
prepared 0.1% HCl in MeOH.

Evaporate to dryness in TurboVap set at ~ 45°C under.

 Reconstitute with 150 µL of 0.05% TFA in H
2
O/MeCN 

(90/10).

 Centrifuge at ~ 3000 rpm for ~ 5 minutes.
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CHROMATOGRAPHIC CONDITIONs

Column:
BDS Hypersil Phenyl; 2 x 50 mm; 5 micron,  
P/N = 28905-052130

Guard Column: Phenyl,  2 x 4 mm, part # AJO-4350

Mobile Phase:

A: 0.05% TFA in water

B: Acetonitrile

C: 50:50 Acetonitrile:water (make-up solvent for diversion, 0.4 
mL/minute)

D: 75/25 Propionic acid/isopropynol  
(post-column modi�cation, 0.100 mL/minute)

Gradient:	
Time 0.01� 1.8� 2.5� 3.5� 3.7� 5.0�

B% 12 28 90 90 12 end

Injection Volume: 10 � 30°L

Column Temperature: 35°C

AS Temperature: Room Temperature

Diversion Time: 1.2� � 3.0� into MS

MAss SPECTROMETER CONDITIONs

Instrument: Ionics EP10+ XT

Ionization Mode: Turboionspray, positive ion mode

Source Temperature: 450°C

SRM Transitions: DB289

DB75

DB289-d
8

DB75-d
8

365 Ą 334

305 Ą 288

373 Ą 342

313 Ą 296
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Figure 2. Chromatogram of blank after the highest standard for DB289 (carryover evaluation 
blank) (the retention time of DB289 is ~ 2.4�, see Figure 6)

Sample Name: "2 002 S05039A CONTROL_BLANK 1"    Sample ID: "2"    File: "S05039A02.wiff"
Peak Name: "DB289"    Mass(es): "365.1/334.2 amu"
Comment: "none"    Annotation: ""

Sample Index:      12     
Sample Type:       Blank  
Concentration:    0.0000    ng/mL  
Calculated Conc:    N/A            
Acq. Date:       04/28/2006  
Acq. Time:       10:34:34 PM  
 
Modified:           No    
Bunching Factor:    1     
Noise Threshold:    0.10   cps
Area Threshold:   100.00   cps
Num. Smooths:       1     
RT Window:         30.0    sec
Expected RT:        2.45   min
Sep. Width:         0.20  
Sep. Height:        0.01  
Exp. Peak Ratio:  1.00e6  
Exp. Adj. Ratio:  1.00e5  
Exp. Val. Ratio:    3.00  
Use Relative RT:    No    
 
Int. Type:       No Peak  
Retention Time:     N/A    min
Area:              N/A    counts
Height:            N/A    cps
Start Time:         N/A    min
End Time:           N/A    min
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Sample Name: "2 002 S05039A CONTROL_BLANK 1"    Sample ID: "2"    File: "S05039A02.wiff"
Peak Name: "DB289-d8(IS)"    Mass(es): "373.1/342.2 amu"
Comment: "none"    Annotation: ""

Sample Index:      12     
Sample Type:       Blank  
Concentration:      1.00    ng/mL  
Calculated Conc:    N/A            
Acq. Date:       04/28/2006  
Acq. Time:       10:34:34 PM  
 
Modified:           No    
Bunching Factor:    1     
Noise Threshold:   75.25   cps
Area Threshold:   376.23   cps
Num. Smooths:       1     
RT Window:         30.0    sec
Expected RT:        2.42   min
Sep. Width:         0.20  
Sep. Height:        0.01  
Exp. Peak Ratio:  1.00e6  
Exp. Adj. Ratio:  1.00e6  
Exp. Val. Ratio:    3.00  
Use Relative RT:    No    
 
Int. Type:       No Peak  
Retention Time:     N/A    min
Area:              N/A    counts
Height:            N/A    cps
Start Time:         N/A    min
End Time:           N/A    min
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Figure 3. Chromatogram of blank after the highest standard for DB75 (carryover evaluation blank) (the retention time of DB75 is ~ 1.5�, see Figure 7)

Sample Name: "2 002 S05039A CONTROL_BLANK 1"    Sample ID: "2"    File: "S05039A02.wiff"
Peak Name: "DB75"    Mass(es): "305.2/288.3 amu"
Comment: "none"    Annotation: ""

Sample Index:      12     
Sample Type:       Blank  
Concentration:    0.0000    ng/mL  
Calculated Conc:    N/A            
Acq. Date:       04/28/2006  
Acq. Time:       10:34:34 PM  
 
Modified:           No    
Bunching Factor:    1     
Noise Threshold:   20.00   cps
Area Threshold:   100.00   cps
Num. Smooths:       1     
RT Window:         30.0    sec
Expected RT:        1.61   min
Sep. Width:         0.20  
Sep. Height:        0.01  
Exp. Peak Ratio:  1.00e5  
Exp. Adj. Ratio:  1.00e5  
Exp. Val. Ratio:    3.00  
Use Relative RT:    No    
 
Int. Type:       No Peak  
Retention Time:     N/A    min
Area:              N/A    counts
Height:            N/A    cps
Start Time:         N/A    min
End Time:           N/A    min
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Sample Name: "2 002 S05039A CONTROL_BLANK 1"    Sample ID: "2"    File: "S05039A02.wiff"
Peak Name: "DB75-d8(IS)"    Mass(es): "313.1/296.1 amu"
Comment: "none"    Annotation: ""

Sample Index:      12     
Sample Type:       Blank  
Concentration:      1.00    ng/mL  
Calculated Conc:    N/A            
Acq. Date:       04/28/2006  
Acq. Time:       10:34:34 PM  
 
Modified:           No    
Bunching Factor:    1     
Noise Threshold:   63.85   cps
Area Threshold:   319.23   cps
Num. Smooths:       1     
RT Window:         30.0    sec
Expected RT:        1.60   min
Sep. Width:         0.20  
Sep. Height:        0.01  
Exp. Peak Ratio:  1.00e6  
Exp. Adj. Ratio:  1.00e6  
Exp. Val. Ratio:    3.00  
Use Relative RT:    No    
 
Int. Type:       No Peak  
Retention Time:     N/A    min
Area:              N/A    counts
Height:            N/A    cps
Start Time:         N/A    min
End Time:           N/A    min
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Figure 4. Chromatogram of extracted blank human breast milk with internal standard (DB289-d
8
) for DB289

Sample Name: "2 013 S05039A QC0 1"    Sample ID: "13"    File: "S05039A02.wiff"
Peak Name: "DB289"    Mass(es): "365.1/334.2 amu"
Comment: "none"    Annotation: ""

Sample Index:      23     
Sample Type:     Unknown  
Concentration:      N/A            
Calculated Conc:  0.0000    ng/mL  
Acq. Date:       04/28/2006  
Acq. Time:       11:34:37 PM  
 
Modified:           No    
Bunching Factor:    1     
Noise Threshold:    0.10   cps
Area Threshold:   100.00   cps
Num. Smooths:       1     
RT Window:         30.0    sec
Expected RT:        2.45   min
Sep. Width:         0.20  
Sep. Height:        0.01  
Exp. Peak Ratio:  1.00e6  
Exp. Adj. Ratio:  1.00e5  
Exp. Val. Ratio:    3.00  
Use Relative RT:    No    
 
Int. Type:       No Peak  
Retention Time:     N/A    min
Area:              N/A    counts
Height:            N/A    cps
Start Time:         N/A    min
End Time:           N/A    min
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Sample Name: "2 013 S05039A QC0 1"    Sample ID: "13"    File: "S05039A02.wiff"
Peak Name: "DB289-d8(IS)"    Mass(es): "373.1/342.2 amu"
Comment: "none"    Annotation: ""

Sample Index:      23     
Sample Type:     Unknown  
Concentration:      1.00    ng/mL  
Calculated Conc:    N/A            
Acq. Date:       04/28/2006  
Acq. Time:       11:34:37 PM  
 
Modified:           No    
Bunching Factor:    1     
Noise Threshold:   75.25   cps
Area Threshold:   376.23   cps
Num. Smooths:       1     
RT Window:         30.0    sec
Expected RT:        2.42   min
Sep. Width:         0.20  
Sep. Height:        0.01  
Exp. Peak Ratio:  1.00e6  
Exp. Adj. Ratio:  1.00e6  
Exp. Val. Ratio:    3.00  
Use Relative RT:    No    
 
Int. Type:       Base To Base  
Retention Time:     2.39   min
Area:           206200.   counts
Height:          54100.   cps
Start Time:         2.26   min
End Time:           2.55   min
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Figure 5. Chromatogram of extracted blank human breast milk with internal standard (DB75-d
8
) for DB75

Sample Name: "2 013 S05039A QC0 1"    Sample ID: "13"    File: "S05039A02.wiff"
Peak Name: "DB75"    Mass(es): "305.2/288.3 amu"
Comment: "none"    Annotation: ""

Sample Index:      23     
Sample Type:     Unknown  
Concentration:      N/A            
Calculated Conc:  0.0000    ng/mL  
Acq. Date:       04/28/2006  
Acq. Time:       11:34:37 PM  
 
Modified:           No    
Bunching Factor:    1     
Noise Threshold:   20.00   cps
Area Threshold:   100.00   cps
Num. Smooths:       1     
RT Window:         30.0    sec
Expected RT:        1.61   min
Sep. Width:         0.20  
Sep. Height:        0.01  
Exp. Peak Ratio:  1.00e5  
Exp. Adj. Ratio:  1.00e5  
Exp. Val. Ratio:    3.00  
Use Relative RT:    No    
 
Int. Type:       No Peak  
Retention Time:     N/A    min
Area:              N/A    counts
Height:            N/A    cps
Start Time:         N/A    min
End Time:           N/A    min
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Sample Name: "2 013 S05039A QC0 1"    Sample ID: "13"    File: "S05039A02.wiff"
Peak Name: "DB75-d8(IS)"    Mass(es): "313.1/296.1 amu"
Comment: "none"    Annotation: ""

Sample Index:      23     
Sample Type:     Unknown  
Concentration:      1.00    ng/mL  
Calculated Conc:    N/A            
Acq. Date:       04/28/2006  
Acq. Time:       11:34:37 PM  
 
Modified:           No    
Bunching Factor:    1     
Noise Threshold:   63.85   cps
Area Threshold:   319.23   cps
Num. Smooths:       1     
RT Window:         30.0    sec
Expected RT:        1.60   min
Sep. Width:         0.20  
Sep. Height:        0.01  
Exp. Peak Ratio:  1.00e6  
Exp. Adj. Ratio:  1.00e6  
Exp. Val. Ratio:    3.00  
Use Relative RT:    No    
 
Int. Type:       Base To Base  
Retention Time:     1.53   min
Area:           104910.   counts
Height:          28400.   cps
Start Time:         1.41   min
End Time:           1.67   min
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Figure 6. Chromatogram of LLOQ (0.500 ng/mL) for DB289

Sample Name: "2 003 S05039A Std 1 1 1"    Sample ID: "3"    File: "S05039A02.wiff"
Peak Name: "DB289"    Mass(es): "365.1/334.2 amu"
Comment: "none"    Annotation: ""

Sample Index:      13     
Sample Type:     Standard  
Concentration:   0.50000    ng/mL  
Calculated Conc: 0.48310    ng/mL  
Acq. Date:       04/28/2006  
Acq. Time:       10:40:01 PM  
 
Modified:           No    
Bunching Factor:    1     
Noise Threshold:    0.10   cps
Area Threshold:   100.00   cps
Num. Smooths:       1     
RT Window:         30.0    sec
Expected RT:        2.45   min
Sep. Width:         0.20  
Sep. Height:        0.01  
Exp. Peak Ratio:  1.00e6  
Exp. Adj. Ratio:  1.00e5  
Exp. Val. Ratio:    3.00  
Use Relative RT:    No    
 
Int. Type:       Base To Base  
Retention Time:     2.43   min
Area:            2708.9   counts
Height:            651.   cps
Start Time:         2.24   min
End Time:           2.58   min

0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8 4.0 4.2 4.4 4.6 4.8
Time, min

0

20

40

60

80

100

120

140

160

180

200

220

240

260

280

300

320

340

360

380

400

420

440

460

480

500

520

540

560

580

600

620

640

Intensity, cps

Sample Name: "2 003 S05039A Std 1 1 1"    Sample ID: "3"    File: "S05039A02.wiff"
Peak Name: "DB289-d8(IS)"    Mass(es): "373.1/342.2 amu"
Comment: "none"    Annotation: ""

Sample Index:      13     
Sample Type:     Standard  
Concentration:      1.00    ng/mL  
Calculated Conc:    N/A            
Acq. Date:       04/28/2006  
Acq. Time:       10:40:01 PM  
 
Modified:           No    
Bunching Factor:    1     
Noise Threshold:   75.25   cps
Area Threshold:   376.23   cps
Num. Smooths:       1     
RT Window:         30.0    sec
Expected RT:        2.42   min
Sep. Width:         0.20  
Sep. Height:        0.01  
Exp. Peak Ratio:  1.00e6  
Exp. Adj. Ratio:  1.00e6  
Exp. Val. Ratio:    3.00  
Use Relative RT:    No    
 
Int. Type:       Base To Base  
Retention Time:     2.40   min
Area:           199090.   counts
Height:          53400.   cps
Start Time:         2.26   min
End Time:           2.55   min
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Figure 7. Chromatogram of LLOQ (0.500 ng/mL) for DB75

Sample Name: "2 003 S05039A Std 1 1 1"    Sample ID: "3"    File: "S05039A02.wiff"
Peak Name: "DB75"    Mass(es): "305.2/288.3 amu"
Comment: "none"    Annotation: ""

Sample Index:      13     
Sample Type:     Standard  
Concentration:   0.50000    ng/mL  
Calculated Conc: 0.54918    ng/mL  
Acq. Date:       04/28/2006  
Acq. Time:       10:40:01 PM  
 
Modified:           No    
Bunching Factor:    1     
Noise Threshold:   20.00   cps
Area Threshold:   100.00   cps
Num. Smooths:       1     
RT Window:         30.0    sec
Expected RT:        1.61   min
Sep. Width:         0.20  
Sep. Height:        0.01  
Exp. Peak Ratio:  1.00e5  
Exp. Adj. Ratio:  1.00e5  
Exp. Val. Ratio:    3.00  
Use Relative RT:    No    
 
Int. Type:       Base To Base  
Retention Time:     1.56   min
Area:            1440.8   counts
Height:            371.   cps
Start Time:         1.43   min
End Time:           1.70   min
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Sample Name: "2 003 S05039A Std 1 1 1"    Sample ID: "3"    File: "S05039A02.wiff"
Peak Name: "DB75-d8(IS)"    Mass(es): "313.1/296.1 amu"
Comment: "none"    Annotation: ""

Sample Index:      13     
Sample Type:     Standard  
Concentration:      1.00    ng/mL  
Calculated Conc:    N/A            
Acq. Date:       04/28/2006  
Acq. Time:       10:40:01 PM  
 
Modified:           No    
Bunching Factor:    1     
Noise Threshold:   63.85   cps
Area Threshold:   319.23   cps
Num. Smooths:       1     
RT Window:         30.0    sec
Expected RT:        1.60   min
Sep. Width:         0.20  
Sep. Height:        0.01  
Exp. Peak Ratio:  1.00e6  
Exp. Adj. Ratio:  1.00e6  
Exp. Val. Ratio:    3.00  
Use Relative RT:    No    
 
Int. Type:       Base To Base  
Retention Time:     1.54   min
Area:           108170.   counts
Height:          29500.   cps
Start Time:         1.43   min
End Time:           1.68   min
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RESULTS AND DISCUSSION

METHOD DEVELOPMENT

The signi�cant amount of protein in human breast milk 
can easily form aggregates upon vigorous mixing, high 
temperature, or mixing with organic solvents. 

It is likely that the di�erences in milk composition from 
donors with di�erent diets and health conditions may 
a�ect SPE extraction to varying degrees.

Matrix e�ects were observed for LC/MS/MS analysis 
when blank matrix from di�erent suppliers was used. 

To prevent milk clogging and potential matrix e�ects 
caused by protein binding, we attempted to use 
di�erent chaotropic agents to treat milk samples prior 
to extraction (Table 1). 

The addition of urea into milk samples can signi�cantly 
improve extraction recovery and assay speci�city.

Table 1. Extraction recovery comparison of samples treated with 
di�erent reagents

Compound 
ID

Relative Extraction Recovery

50 mM NH
4
OAc 

(control)
8.0 M urea 20% TCA

DB289 100% 120% 115%

DB75 100% 113% 96%

EXPERIMENTAL CONDITIONs

100 µL of human breast milk samples containing 0.500 
ng/mL (LLOQ) of DB289 and DB75 with 50.0 µL of working IS 
solution.  Prior to extraction, the following was added:

Control samples: addition of 0.500 mL of 50.0 mM 
ammonium acetate (pH = 3.0-3.5) (control).

Treated samples: addition of 0.500 mL of 50.0 mM 
ammonium acetate (pH = 3.0-3.5) containing 8.0 M urea 
or 20% trichloroacetic acid (TCA) in water. 

�

�

�

�

�

�

�

Table 2.  Comparison of selectivity in 6 lots of human breast milk at 
the lower limit of quanti�cation (0.500 ng/mL) for DB289 and DB75 
extracted with and without urea (experimental conditions were the 
same as in Table 1)

DB289 DB75

Sel-LLOQ

Without Urea

Sel-LLOQ

With Urea

Sel-LLOQ

Without 
Urea

Sel-LLOQ

With 
Urea

Mean 0.383 0.454 0.447 0.490

S.D. 0.0798 0.0373 0.0441 0.0358

%CV 20.8 8.2 9.86 7.3

76.6 90.8 89.4 98.2

%Bias -23.4 -9.2 -10.6 -1.8

n 6 6 6 6

AssAY VALIDATION REsULTs TABLEs 3�9:
Table 3.  Back-calculated concentrations of calibration standards for 
DB289;  all concentrations are expressed as ng/mL

Mean S.D. %CV %Bias n

0.500 0.517 4.4 3.4 8

1.00 0.921 4.3 -7.9 8

2.00 1.98 4.1 -1.0 8

5.00 5.15 0.213 4.1 3.0 8

25.0 25.3 0.808 3.2 1.2 8

80.0 81.8 1.96 2.4 2.3 8

160 159 5.22 3.3 -0.6 8

220 219 7.74 3.5 -0.5 8

250 250 8.02 3.2 0.0 8
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Table 4.  Back-calculated concentrations of calibration standards for 
DB75; all concentrations are expressed as ng/mL

Mean S.D. %CV %Bias n

0.499 0.523 0.0248 4.7 4.8 6 

1.00 0.956 0.0482 5.0 -4.4 6

2.00 1.75 0.0930 5.3 -12.5 6

4.99 5.21 0.237 4.5 4.4 6

25.0 25.0 0.587 2.3 0.0 6

80.0 83.3 2.96 3.6 4.1 6

160 163 4.96 3.0 1.9 6

220 221 7.52 3.4 0.5 6

250 253 10.7 4.2 1.2 6

Table 5.  Intra- and inter-assay accuracy and precision for DB289 (ANOVA)

Nominal 
Concentration

LLOQ QC

0.500 
ng/mL

Low QC

1.50 
ng/mL

Medium QC

75.0 ng/mL

High QC

200 ng/mL

Mean Observed 
Concentration

0.475 1.41 72.2 180

%Bias -5.0 -6.0 -3.7 -10.0

Between Run 
Precision (%CV)

6.9 5.7 5.9 2.5

Within Run Precision 
(%CV)

5.4 4.6 2.4 2.2

Total Variation (%CV) 8.8 7.3 6.4 3.4

n 18 18 18 18

Number of Runs 3 3 3 3
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Table 6.   Intra- and inter-assay accuracy and precision for DB75 (ANOVA)

Nominal 
Concentration

LLOQ QC

0.500 ng/mL

Low QC

1.50 ng/mL

Medium QC

75.0 ng/mL

High QC

200 ng/mL

Mean 
Observed 
Concentration

0.576 1.63 77.2 197

%Bias 15.2 8.7 -2.9 -1.5

Between Run 
Precision 
(%CV)

0.0 0.0 4.0 0.0

Within Run 
Precision 
(%CV)

4.6 3.7 1.9 2.0

Total Variation 
(%CV)

4.6 3.5 4.5 1.9

n 18 18 18 18

Number of 
Runs

3 3 3 3

Table 7.  Selectivity in 6 lots of human breast milk at the lower and upper 
limit of quanti�cation for DB289 and DB75

DB289 DB75

LLOQ 
0.500 
ng/mL

ULOQ 
250 
ng/mL

LLOQ 
0.499 
ng/mL

ULOQ 
250 ng/mL

Mean 0.454 232 0.490 241

S.D. 0.0373 11.6 0.0358 8.83

%CV 8.2 5.0 7.3 3.7

90.8 92.8 98.2 96.4

%Bias -9.2 -7.2 -1.8 -3.6

n 6 6 6 6

Table 8.  Dilution quality control samples for DB289 and DB75

DB289

Dilution QC

2000 ng/mL

DF=10

DB75

Dilution QC

2000 
ng/mL

DF=10

Mean 1860 1990

S.D. 32.7 34.9

%CV 1.8 1.8

%Theoretical 93.0 99.5

%Bias -7.0 -0.5

n 6 6

Table 9. Relative extraction recovery for DB289 and DB75 at low, medium, 
and high QC concentration levels

Mean Low (1.50 
ng/mL)

Medium (75.0 
ng/mL)

High (200 
ng/mL)

Mean Recovery 
for DB289

87.0% 88.4% 84.8%

Mean Recovery 
for DB75

89.9% 89.3% 83.7%



CONCLUSION

A robust and sensitive method was developed and 
validated to quantitatively analyze DB289 and its active 
metabolite in human breast milk. Urea prevented 
protein aggregating in milk samples and eliminated 
matrix e�ects in this assay. 
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