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Abstract

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.

Methods
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Acetazolamide, Chlorthalidone, Forosemide, Indapamide,
Metformin, Rapamycin, Tacrolimus, Carboplatin, Tucaresol,

Compound Dorzolamide, Voxelotor, Brinzolamide, Afatinib, Osimertinib, MedChemExpress
Chloroquine and Methazolamide
Matri Human Blood and Human Plasma The Second People's Hospital of Liaocheng
atrix
Monkey Blood and Monkey Plasma WuXi AppTec
Liquid Chromatography Waters
Instrument
Mass Spectrometry Sciex

“ Indirect method: Apart from typical blood incubations, additional incubation of the
drug candidate in plasma is performed (reference plasma). Following incubation, an
aliqguot 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.

Key Findings and Conclusion

» 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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Results

Table 1 The comparison of K 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 1.5fold in monkey blood. Most of the Kz, 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.

Comment on
in-house
assay
conditions

Human Blood Monkey Blood

Literature
KB/p Values*

Compound KB/p KB/p Indirect/ KB/p KB/p Indirect/
Direct Indirect Direct ® Direct Indirect Direct

Acetazolamide 083:0.14 0.80£005 0. 96 1.07+0.05  1.31+0.08 2.9:1.5 1uM, 1 hr

Chlorthalidone 192+0.28 2.42+0.11 : 17.60 £ 0.50 21.32+1.32 : 22.1 1 uM, 1 hr

Forosemide  0.74+0.07 0.84+0.04 - .1 5 1.44+013  1.56+0.05 : .09 0.775-0.85  1uM.1hr

Indapamide 420+0.24 4.25+0.33 1.01 8.18 +1.47 9.83 + 0.99 1.20 3.44 T uM, 1 hr

Metformin  0.59+0.05 0.71+0.04 120 067+0.04  0.69 +0.04 1.02 0.8-1.4 1uM, 1 hr
Rapamycin  6.23+123 11654081 187 614+091 2077 +1.83 339  0.894;1.511.1 0.1uM,1hr
Tacrolimus  18.58 + 3.61 22.55 121 1755+1.12 13.70 +0.54 078 9.86;13-114;15 0.1uM, 1 hr

Carboplatin  043+006 036+003 085 087+004 080012 0.92 0.9-1.1 1uM. 1 hr

Tucaresol 160+0.09 193+0.12 121 227+029  2.08+0.10 0.92 5.05 - 6.40 1uM, 1 hr

. 22.84 + 558 59.57 261 14.25 78.44 5.50 28.4 1uM, 1 hr

Dorzolamide ;

20.13+1.67 39.81+639 198 37.52+9.63 130.08+1494  3.47 75.9 M. 3 hr

1.45 388+028 267  1.53+0.30 4.84 3.17 1uM. 1 hr

Voxelotor 129,008 551+037 619  0.92+0.09 12.18 1318 S E2TA0E00 o M 3hr

o, 14921324 2823461 1.89 10.58 46.60 + 3.85 447 67100 1uM, 1 hr

1518 +0.71 55.48+8.05  3.65 23.28 144.04 6.19 1uM, 3 hr

N 1744005 206+0.14 119 1.85+021  2.14+0.10 1.15 1uM, 1 hr

Afatinib 175+0.05 2.03+014 116 134+020  2.41+0.07 1.80 2.21;1.02 1uM, 3 hr

ocirorin 1513007 1.06£004 070 233027  1.92:007 0.82 o 1uM, 1 hr

1504016  139:008 093 203:0.10  1.45:0.02 0.72 1uM, 3 hr

Chioroquine 3013029 343%000 114 4032047 449018 1.1 2 o1 1uM, 1 hr

270+0.12 322+010 119 3.68+0.06  4.19+0.31 1.14 1uM, 3 hr

Methagolamide 37601237 47821062 127  7.39£138  16.69 0.9 226 35.9 1uM, 1 hr

11.77 50.03 425 55052 +6.65 64.62 1.16 52.9 1uM, 3 hr

aKg,p = The concentration ratio of test compound in erythrocytes to plasma concentration.
bIndirect / Direct = The Ky, ratio of test compound with indirect to direct method.
* Please contact us to obtain more detailed references due to limited space.

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.

Matrix Effect ° Extraction Recovery

Compound Human Monkey Human Monkey Human Monkey Human Monkey
Blood Blood Plasma Plasma Blood Blood HEHYE Plasma

Afatinib

Brinzolamide

94.86 + 0.07 120.29 +0.06 109.72 +0.02 162.46 +0.03 96.65+0.09 9/7.81 £0.12
5/.07+£0.01 68.21 £+0.02 81.45+0.02 80.50 +0.002 26.67+0.05 18.18 +0.01 119.21 + 0.01

Dorzolamide /0.29 £ 0.06 / 84.23 +0.03 93.64+£0.03 29.55+0.03 / 104.45 + 0.05
Methazolamide 81.93 + 0.004 102.66 + 0.03 100.93 £+ 0.02 125.42 +0.02 29.38 +0.01 8.11+0.004 99.75+0.06
119.49 £ 0.02 119.18 £0.02 121.02+£0.02 116.00 £ 0.03 1.58 £0.0017 1.13+0.0017 11.74 + 0.01

100.54 + 0.05 86.58 + 0.0/
95.84 + 0.01
95.69 + 0.05
85.04 £ 0.0/

16.35 + 0.01

Voxelotor

@ Matrix Effect = AT,-BA / Neat * 100, AT,-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 = T,/ AT;-BA*100; T, = The peak area ratio of analyte and internal standard in the loading matrix sample at time zero.

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.

Extraction Recovery *°

Brinzolamide Dorzolamide Methazolamide Voxelotor

Three freeze-thaw cycles 4.08 £ 0.20 415+0.19 3.09+0.17 0.81 £ 0.04
One freeze-thaw cycle 10.95+1.12 11.64 £0.78 6.49 + 0.59 1.46 £0.13
Sonication 69.68 £+ 7.94 59.14 £+ 6.27 21.63+2.78 3.54 +£0.24
0.5%Triton X-100 22.49 +2.03 30.53 £ 5.56 9.56 +1.13 248 £+ 0.17
0.1%Triton X-100 42.43 + 3.571 44.04 + 2.24 13.46 £ 0.71 2.38+0.17

8 M Urea 63.02 £+ 2.28 66.69 £ 5.73 85.72+7.19 11.01 £1.93

6 M Urea 69.79 £ 5.40 72.07 £ 5.89 97.13+£5.18 8.40 £ 2.95

1%SDS 39.00 £ 3.64 42.41 + 4.67 17.09 £ 0.87 3.71£0.18

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




