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Results
In vitro blood to plasma ratio (BPR) assays are important for understanding drug 
distribution into red blood cells (RBCs), thus informing a rational choice of appropriate 
biological fluid for pharmacokinetic analysis. Two methods, namely direct method and 
indirect method, are routinely performed in the industry. However, our preliminary data 
showed there are false negative blood partition results occasionally in monkey for a few 
compounds that should show positive blood partition. In order to evaluate whether the 
two methods are able to provide similar results qualitatively and quantitatively, a set of 
16 compounds with reported in vitro or in vivo BPR values were selected for comparison 
of the two methods in both human and monkey blood. Moreover, matrix effect and 
extraction recovery were further evaluated for 5 of the compounds that showed larger 
differences between two methods. In blood sample lysis, methods like Triton X-100 
(0.1–0.5%), sonication, 1% SDS, or high-concentration denaturants provided slight 
enhancements over simple water treatment. However, for certain compounds—primarily 
strong carbonic anhydrase inhibitors and those exhibiting reversible covalent binding to 
hemoglobin—the BPR values were differed by more than 2-fold. While both methods 
show comparable results for most compounds, the indirect method demonstrates 
superior accuracy for certain analytes by overcoming the limitations of incomplete 
hemolysis and extraction variability inherent to direct blood analysis.
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Quantitatively, 5 out of 16 compounds had BPR values over 1.5-fold after 1 or 3 hours 
in human blood, and 6 out of 16 compounds had BPR values over 1.5-fold in monkey 
blood. The indirect method typically provides higher values, which agree better with 
literature data.
Except for Brinzolamide in human and monkey blood, which exhibited significant 
matrix effect after protein precipitation, the other compounds showed neglected 
matrix effect in blood or plasma for both species in standard protein precipitation 
procedure. 
Four compounds from 5 of the compounds that showed larger differences between 
two methods showed very low extraction (<30%) from blood samples, but much 
higher recovery in plasma was observed. 
In blood sample lysis, methods like Triton X-100 (0.1–0.5%), sonication, Urea (6–8 M) 
and 1%SDS provided slight enhancements over simple water treatment.
While both methods show comparable results for most compounds, the indirect 
method demonstrates superior accuracy for certain analytes by overcoming the 
limitations of incomplete hemolysis and extraction variability inherent to direct blood 
analysis.
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Acetazolamide 2.9; 1.51.221.31 ± 0.081.07 ± 0.050.960.80 ± 0.050.83 ± 0.14 M, 1 hr
Chlorthalidone 22.11.2121.32 ± 1.3217.60 ± 0.501.262.42 ± 0.111.92 ± 0.28 M, 1 hr

Forosemide 0.775 - 0.851.091.56 ± 0.051.44 ± 0.131.150.84 ± 0.040.74 ± 0.07 M, 1 hr
Indapamide 3.441.209.83 ± 0.998.18 ± 1.471.014.25 ± 0.334.20 ± 0.24 M, 1 hr
Metformin 0.8 - 1.41.020.69 ± 0.040.67 ± 0.041.200.71 ± 0.040.59 ± 0.05 M, 1 hr
Rapamycin 0.894; 1.5; 11.13.3920.77 ± 1.836.14 ± 0.911.8711.65 ± 0.816.23 ± 1.23 M, 1 hr
Tacrolimus 9.86; 13 - 114; 150.7813.70 ± 0.5417.55 ± 1.121.2122.5518.58 ± 3.61 M, 1 hr
Carboplatin 0.9 - 1.10.920.80 ± 0.120.87 ± 0.040.850.36 ± 0.030.43 ± 0.06 M, 1 hr
Tucaresol 1.60 ± 0.09 5.05 - 6.400.922.08 ± 0.102.27 ± 0.291.211.93 ± 0.12 M, 1 hr

Dorzolamide 28.45.5078.4414.252.6159.5722.84 ± 5.58 M, 1 hr
75.93.47130.08 ± 14.9437.52 ± 9.631.9839.81 ± 6.3920.13 ± 1.67 M, 3 hr

Voxelotor 3.174.841.53 ± 0.302.673.88 ± 0.281.45 9 ± 2 - 46 ± 69 M, 1 hr
13.1812.180.92 ± 0.096.195.51 ± 0.370.89 ± 0.08 M, 3 hr

Brinzolamide 4.4146.60 ± 3.8510.581.8928.23 ± 4.6114.92 ± 3.24 66.7 - 100 M, 1 hr
6.19144.0423.283.6555.48 ± 8.0515.18 ± 0.71 M, 3 hr

Afatinib 1.152.14 ± 0.101.85 ± 0.211.192.06 ± 0.141.74 ± 0.05 2.21; 1.02 M, 1 hr
1.802.41 ± 0.071.34 ± 0.201.162.03 ± 0.141.75 ± 0.05 M, 3 hr

Osimertinib 0.821.92 ± 0.072.33 ± 0.270.701.06 ± 0.041.51± 0.07 1.57 M, 1 hr
2.03 ± 0.100.931.39 ± 0.081.50 ± 0.16 0.721.45 ± 0.02 M, 3 hr

Chloroquine 1.114.49 ± 0.184.03 ± 0.471.143.43 ± 0.093.01 ± 0.29 3.91 M, 1 hr
1.144.19 ± 0.313.68 ± 0.061.193.22 ± 0.102.70 ± 0.12 M, 3 hr

Methazolamide 35.92.2616.69 ± 0.997.39 ± 1.381.2747.82 ± 0.6237.60 ± 2.37 M, 1 hr
52.91.1664.6255.52 ± 6.654.2550.0311.77 M, 3 hr

Table 1 The comparison of KB/P values of 16 compounds in human and monkey blood with direct and 
indirect methods. 
Quantitatively, 5 out of 16 compounds had BPR values over 1.5-fold after 1 or 3 hours in human blood, and 6 out of 16 
compounds had BPR values over 1.5-fold in monkey blood. Most of the KB/P were the mean values of triplicate 
measurements, while a few data points were derived from duplicate samples. The %Recovery of the direct method ranged 
between 70.0 and 130.0.

Table 2 The evaluation of matrix effect and extraction recovery for 5 compounds in blood and plasma 
from human and monkeys. 
Except for Brinzolamide in blood, which exhibited significant matrix effect, the other compounds showed 
neglected matrix effect in blood or plasma for both species. Four compounds from 5 of the compounds showed 
very low extraction from blood samples, but much higher recovery in plasma was observed. The data represents 
the mean of triplicate measurements.

Table 3 The methods to improve extraction recovery of 4 compounds in monkey blood.
 Using methods like Triton X-100 (0.1–0.5%), sonication, Urea (6–8 M) and 1%SDS provided slight 
enhancements for extraction recovery over simple water treatment (which is the standard protocol). The data 
represents the mean values of triplicate measurements.

Methods
Extraction Recovery a

Brinz MethaDorzolamideolamide zo Voxelamide lotor
Three freeze-thaw cycles 0.81 ± 0.043.09 ± 0. 174.15 ± 0.194.08 ± 0.20

One freeze-thaw cycle 1.46 ± 0.136.49 ± 0.5911.64 ± 0.7810.95 ± 1.12
Sonication 3.54 ± 0.2421.63 ± 2. 7859.14 ± 6.2769.68 ± 7.94

0.5%Triton X-100 2.48 ± 0.179.56 ± 1.1330.53 ± 5.5622.49 ± 2.03
0.1%Triton X-100 2.38 ± 0.1713.46 ± 0.7144.04 ± 2.2442.43 ± 3.51

8 M Urea 11.01 ± 1.9385.72 ± 7.1966.69 ± 5.7363.02 ± 2.28
6 M Urea 8.40 ± 2.9597.13 ± 5.1872.07 ± 5.8969.79 ± 5.40
1%SDS 3.71 ± 0.1817.09 ± 0.8742.41 ± 4.6739.00 ± 3.64

Indirect method: Apart from typical blood incubations, additional incubation of the 
drug candidate in plasma is performed (reference plasma). Following incubation, an 
aliquot of blood is centrifuged to obtain the plasma (test plasma). Both test and 
reference plasma samples are processed using the appropriate protein precipitation 
method, and the supernatants obtained are analyzed using LC–MS/MS.
Direct method: Test plasma is obtained following a similar procedure as described 
above, and levels of the drug candidate in both test blood and test plasma are 
measured. 
For the same compound, experiments of direct and indirect method were performed 
using the same lot of blood.
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Acetazolamide, Chlorthalidone, Forosemide, Indapamide, 
Metformin, Rapamycin, Tacrolimus, Carboplatin, Tucaresol, 
Dorzolamide, Voxelotor, Brinzolamide, Afatinib, Osimertinib, 

Chloroquine and Methazolamide

MedChemExpress 

Matrix
Human Blood and Human Plasm The Second Peopa le's Hospital of Liaocheng

Monkey Blood and Monkey Pla WuXi AppTecsma

Instrument
Liqu Watersid Chromatography

Mass ScSpectrometry iex
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Afatinib 86.58 ± 0.07100.54 ± 0.0597.81 ± 0.1296.65 ± 0.09162.46 ± 0.03109.72 ± 0.02120.29 ± 0.0694.86 ± 0.01

Brinzolamide 95.84 ± 0.01119.21 ± 0.0118.18 ± 0.0126.67 ± 0.0580.50 ± 0.00281.45 ± 0.0268.21 ± 0.0257.07 ± 0.01

Dorzolamide 95.69 ± 0.05104.45 ± 0.05/29.55 ± 0.0393.64 ± 0.0384.23 ± 0.03/70.29 ± 0.06

Methazolamide 85.04 ± 0.0799.75 ± 0.068.11 ± 0.00429.38 ± 0.01125.42 ± 0.02100.93 ± 0.02102.66 ± 0.0381.93 ± 0.004

Voxelotor 119.49 ± 16.35 ± 0.0111.74 ±  0.011.13 ± 0.0011.58 ± 0.001116.00 ± 0.03121.02 ± 0.02119.18 ± 0.020.02

a Matrix Effect = AT0-BA / Neat * 100; AT0-BA = The peak area ratio of analyte and internal standard in the supernatant of inactive matrix at time 
zero; Neat = The peak area of analyte in Water: ACN (1: 3, v: v) or Water: ACN (1: 6, v: v). 
b Extraction Recovery = T0 / AT0-BA * 100; T0  = The peak area ratio of analyte and internal standard in the loading matrix sample at time zero.

a KB/P = The concentration ratio of test compound in erythrocytes to plasma concentration.
b Indirect / Direct = The KB/P  ratio of test compound with indirect to direct method.
* Please contact us to obtain more detailed references due to limited space.

a Extraction Recovery = T0 / AT0-BA * 100; T0  = The peak area ratio of analyte and internal standard in the loading matrix 
sample at time zero; AT0-BA = The peak area ratio of analyte and internal standard in the supernatant of inactive matrix at 
time zero; 
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