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MATERIAL & METHODS 
 

Pharmacokinetics of N-&-N 1 

Chemicals and reagents 

Tetrahydrofuran and methanol (HPLC grade) was obtained from Merck (Darmstadt, 

Germany) and DMSO from Sigma-Aldrich (Stockholm, Sweden). All other reagents and 

solvents were of HPLC analytical grade. N-&-N 1 was dissolved in DMSO as a 66 mg/ml 

stock solution and was stored at -20 ºC. Serial dilutions were prepared from the main 

stock for the calibration curves and for administration to the mice.  

Instrumentation and chromatographic conditions 

The HPLC system consisted of a Gilson 234 auto-injector equipped with a 100 μL loop, 

an LKB 2150 pump (Pharmacia inc., Sweden), an “LDC analytical spectro-monitor 

3200” UV-detector (USA) and a CSW 32 chromatography station integrator. Separation 

was performed on a Zorbax SB C18 column (3.5 μm x 4.6 mm x 75 mm) from Agilent 

(USA), while the column was maintained at room temperature during analysis. 

The mobile phase consisted of tetrahydrofuran: phosphoric acid 0.1% in water (16:84, 

v/v). Flow rate was set at 1 mL/min, running time at 25 min and injection volume was 50 

μL. The UV wavelength used was 220 nm. Standard curves were prepared from spiked 

pooled human plasma, and were linear in the range of 100 to 5000 ng/mL.  

Standard solutions and controls 

Pooled plasma from healthy donors was obtained from the blood transfusion center, 

Karolinska university hospital. Stocks of 1.32 mg/mL were prepared from the main stock 

in methanol. Serial standard dilutions in methanol were prepared from the stocks for the 
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calibration curves and for the quality controls. All the stocks were sonicated for 2 min 

prior to their use to avoid any crystallized drug due to the high lipophilicity of N-&-N 1. 

Working standard solutions of N-&-N 1 in plasma at 5, 3, 2, 1.5, 1, 0.5, 0.25 and 0.1 μg 

were prepared by adding 50 μL from the standard stocks to 950 μl plasma to reach 1ml 

containing the final concentrations. The calibrators were prepared on the day of each run. 

Three quality control samples (QCs) at concentrations of 300, 750 and 4000 ng/mL were 

also prepared as the standard curve. The stock solutions and QCs were stored at -20 ºC. 

Extraction of N-&-N 1 from the plasma samples 

200 μL plasma was added to 400 μL methanol and vortexed for 15 sec. Samples were 

centrifuged at 7500 rpm for 10 minutes, 50 μL from the supernatant were separated and 

injected into the HPLC system. 

Bioanalytical method validation 

Selectivity 

Defined as the negligible effect of constant (interference) and proportional (matrix effect) 

errors of the matrix on the calibration (ref. S10, Shah et al., 1991). This is demonstrated 

by lack of response in the blank plasma across the time period of the largest peak 

(Bressolle et al., 1996). 

Calibration curve 

A calibration curve was constructed from eight standard points of N-&-N 1 at 

concentrations range 100-5000 ng/mL, including lower limit of quantification (LLOQ). 

The peak areas of N-&-N 1 were plotted against its concentrations. Linearity was 

assessed by a weighted least-squares regression analysis. The calibration curve requires a 

correlation coefficient (r
2
) of 0.99 or better (Bressolle et al., 1996). The lower limit of 

quantification (LLOQ) was set as the lowest measurable concentration with acceptable 

accuracy and precision not more than 20% (Hartmann et al., 1998; Karnes et al., 1991). 

Precision and accuracy 

The precision of the method was defined as the percent relative standard deviation (% 

SD) calculated from replicate measurements [(standard deviation)/mean value] × 100 

(Hartmann et al., 1998; Karnes et al., 1993). The accuracy was defined as the percent 

relative error (% E) of the mean of the replicate measurements from the theoretical values 

[(measured value - nominal value) /nominal value] × 100 (Hartmann et al., 1998, Karnes 
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et al., 1993). Precision and accuracy were determined by analyzing QCs prepared at three 

concentrations (300, 750, 4000 ng/mL) with five replicates on three separate days (Vita et 

al., 2004). 

Recovery 

Absolute recovery is defined as percentage of reference material that is measured to that 

which has been added to a blank (Shah et al., 1991). Recovery is computed by comparing 

responses of triplicates of extracted middle QC (750 ng/mL) samples with those of 

extracted blank matrix to which analyte has been added at the same nominal 

concentration (Bressolle et al., 1996). 

Relative recovery is defined as percentage of the response measured from the plasma to 

the response measured from pure solvent (e.g. methanol) (Shah et al., 1991). The medium 

controls (750 ng/ml) were prepared in normal plasma and methanol. Samples were run in 

triplicate and recovery was calculated as the percentage of plasma to water chromatogram 

peak area: (plasma peak area/methanol peak area) × 100 (Vita et al., 2004). 

Stability 

N-&-N 1 stability was tested using low and medium quality control plasma samples for 

both pre and post-preparative stabilities. Samples were kept in room temperature for 24 

hours. Samples were run by triplicate and the stability was calculated as: (plasma peak 

area after 24 h at room temperature/initial plasma peak area) × 100. 

 

RESULTS 

 

N-&-N 1 / CDK2/cyclin A co-crystal structure 

Statistics of the dataset used and of the refined CDK2/cyclin A - N-&-N1 co-

crystal structure are provided in Supplementary Table 1. 

 

Analysis of N-&-N 1 

To investigate the pharmacokinetics of N-&-N 1, a precise and accurate method 

was developed to detect N-&-N 1 in human plasma samples. N-&-N 1 is a highly 

lipophilic compound, methanol was found to be a suitable solvent for the drug. Protein 
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precipitation is the simplest approach for removing the majority of the protein matrix and 

Methanol also was used to deproteinize plasma to extract N-&-N 1. 

UV absorbance 

UV absorbance was determined by running a UV-VIS spectrum scan of N-&-N 1 first 

dissolved in DMSO (10 µg/mL) but interference in absorption range was detected. A 

second scan of the drug dissolved in methanol (5 µg/mL) revealed good absorption in the 

UV wavelength range of 210 nm - 250 nm, with highest absorption at 215-220 nm.  

Chromatograms and specificity 

Selectivity was confirmed by the absence of significant interfering peaks from 

endogenous substances in the blank plasma at the retention time of the N-&-N 1 

(Supplementary Fig. 1). The retention time of N-&-N 1 was 21 ± 1 min. 

Linearity and limit of quantification 

The calibration curve was linear within the range of 100 ng/mL to 5 μg/mL with 

correlation coefficient (r
2
) ≥0.9987 (Supplementary Fig. 2). The between-run variation in 

the curve slope was 0.443 ± 0.017. The lower limit of quantification (LLOQ) for N-&-N 

1 was 100 ng/mL in human plasma. The precision and accuracy at LLOQ were 11.7 and 

5.5 %, respectively. 

Accuracy and precision 

The between run and within run precision and accuracy are summarized in 

Supplementary Table 2. The precision and accuracy between and within batch were 

always below 14% from the nominal values in all cases. Precision and accuracy fulfilled 

the guiding principles for validation of bioanalytical methods, i.e. < 15% for QCs both 

between batches and within batches and < 20% for LLOQ (Bressolle et al., 1996; 

Hartmann et al., 1998; Karnes et al., 1991). 

Recovery 

The absolute recovery of N-&-N 1 in plasma was 80 ± 2.0% at the concentration of 750 

ng/mL, while the relative recovery of the drug at the same concentration in plasma 

compared to methanol was 93 ± 1.2%. The recovery from plasma was high with low limit 

of quantification as less as 100 ng/mL, so the plasma is a suitable matrix for the regular 

calibrations needed to analyze patient/animal materials in the future (Midha et al., 1997; 

Vita et al., 2004). 
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Stability 

The drug proven to be highly stable after 24 h in room temperature, with no significant 

decrease in the concentration of the low and middle QC samples, the stability found to be 

103 ± 2.5 %. 
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Supplementary Table 1. CDK2/cyclin A - N-&-N1 co-crystal structure. Statistics of 

the dataset used and of the refined structures. 

 
 CDK2/cyclin A/N-&-N1 

Cell dimensions (Å) 74.42, 133.50, 148.00 

Space group P212121 

Maximal resolution (Å) 2.70 

Observations 202,476 

Unique reflections; 

completeness (%) 

40,784; 98.9 

Rsym
1 0.116 

Mean I / (I) 15.6 

Highest resolution bin 

(Å): 

2.85-2.70 

Completeness (%) 96.3 

Mean I / mean (I) 3.0 

Rsym
1 0.412 

Resolution range (Å) 20.00-2.70 

Rconv
2 0.197 

Rfree
3 0.248 

Mean protein temperature 

factors (Å)2 

7.3 

Mean ligand temperature 

factors (Å)2 

4.2 

Coordinates, pdb file # 3DOG 

 
1
 Rsym Ih, j Ih

jh

Ih, j
jh

where Ih,j is the intensity of the jth observation of 

unique reflection h.  
2 Rconv

h

Foh Fch Foh
h

 where Foh and Fch are the observed and calculated 

structure factor amplitudes for reflection h.   
3 
Rfree is equivalent to Rconv, but is calculated using a 5% disjoint set of reflections 

excluded from the maximum likelihood refinement stages. 
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Supplementary Table 2. Precision and accuracy of the N-&-N 1 analysis. 

 

 

Concentration (ng/ml) Precision (%) Accuracy (%) 

        Between batch 

100 (LLOQ) 10.3 -6 

300 (QC1) 6.5 5.4 

750 (QC2) 2.8 6.4 

4000 (QC3) 1.7 5.6 

Within batch Batch1 Batch2 Batch3 Batch1 Batch2 Batch3 

100 (LLOQ) 10.9 12.2 8.0 -4.4 -13.4 0.2 

300 (QC1) 5.2 11.8 7.8 -3.4 7 3.4 

750 (QC2) 4.0 6.7 3.2 7.1 2.2 7.1 

4000 (QC3) 2.3 2.1 2.2 3.2 12.3 3.6 
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Supplementary Figure 1. HPLC chromatograms of (A) blank and N-&-N 1 at 100 

ng/mL (LLOQ), (B) N-&-N 1 at 2 μg/mL. 

 

 

 
(A) 

 

(B) 
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Supplementary Figure 2. Qualibration curve of N-&-N 1 in human plasma.  
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