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Background and Objective

The hERG assay is a required preclinical test used to evaluate the cardiovascular safety of test articles before Phase 1 clinical trials. In the hERG assay,
test articles are typically dissolved in a vehicle and added to aqueous physiological salt solutions before application to cells. Dimethyl sulfoxide
(DMSO) is commonly used as the standard vehicle due to its high solubility and relatively low cytotoxicity. However, DMSO is known to inhibit hERG
currents at high concentrations. Furthermore, some test articles exhibit poor solubility in DMSO or may precipitate upon addition to aqueous
physiological salt solutions, potentially affecting assay reliability. Given these limitations, identifying alternative vehicles is essential to enhance the
accuracy and robustness of the hERG assay. In this study, we evaluated the effects of seven vehicles on hERG currents. For vehicles that
demonstrated any effect on hERG currents, we further investigated their impact on assay outcomes and explored strategies to mitigate these effects.

Materials and Method

Resu It 2. Assessment of vehicle correction (Comparison of IC5, using moxifloxacin)

® Patch clamp assay Whole cell patch-clamp (manual)
Voltage protocol Cell lines
40 mV, 500 ms hERG_HEK293

Recording temperature
Physiological temperature (36.0 & 1.0 °C)

-80 mV

100 ms Stimulation frequency
S 0.2 Hz (5s
__Igrl;]: I-IOOms -80 mV ( ) .

100 ms External solution

Voltage protocols include correction for liquid junction potential.

130 mmol/L NaCl, 5 mmol/L KCI, 10 mmol/L HEPES, 1 mmol/L
hERG current Ccacl,, 1 mmol/L MgCl,, 12.5 mmol/L Glucose

adjusted to pH 7.4 = 0.1 with 5 mol/L NaOH
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Internal solution

120 mmol/L K-gluconate, 20 mmol/L KCI, 5 mmol/L EGTA,
10 mmol/L HEPES, 1.5 mmol/L MgATP

adjusted to pH 7.3 & 0.1 with 1 mol/L KOH
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® This experiment was conducted in accordance with

\ best practices and the CiPA* protocol.
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Result1. Effect of Vehicles on hERG current
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Effect of each vehicle on hERG current at each concentration

ool | 0% | e
bmin  5.D. 12min S5.D. |émin S.D. 12min S.D.
Propylene glycol (PG) 97.8 2.7 93.8 04 | 97.6 0.7 95.2 138
Ethyl acetate 86.2 2.6 815 32 |69.1 21 67.6 2.9
Ethanol (99.5) 96.9 0.8 96.9 3.4 39.1 1.6 34.9 2.8
P°|yeth(‘|’,'§225(')’)’c°'4oo 98.8 1.0 %96.0 23 | 904 37 %81.2 4.9
2-Propanol 96.6 2.4 93.2 1.8 | 91.9 1.4 88.2 2.0
Acetonitrile 962 12 938 26 |905 27 878 07
Acetone 96.0 4.2 89.3 19 | 928 0.6 90.7 13
Dimethyl sulfoxide (DMSO) 96.7 1.7 93.6 36 | 959 36 94.6 3.1
Control* 99.9 1.5 98.3 15 | 999 15 98.3 15

* 1 12-minute application without vehicle

&% mediford

Ethyl acetate causes a strong transient reduction in hERG current

1 uM

Before 0.3% Ethyl acetate E-403]
% before]l 6mMin 12mMin Omin-6min 6min-12min
1500 ]
q
Transient current reduction 0.1%] 868 828 13.2 4.0
2 1000 0.1% | 82.8 772 172 5.6
= 0.1% | 89.0 84.6 11.0 4.4
= \ ' ] ®
= [ I S S ——————
= °
S, Persistent current reduction 03%| 713 716  28.7 -0.3
O (quasi—-steady state) °
° 0.3% | 69.7 65.9 30.3 3.8
1 | | | | M 03%| 663 652 337 11
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Correction 1
Inhibition (%) =100 - (% before in the moxifloxacin group™ / % before in the vehicle group) X 100

*1: The moxifloxacin group includes vehicle at the same concentration as in the vehicle group.

% before in the moxifloxacin group bfr‘:/‘i;e 6min (pA) % before 12min (pA) % before w{rc])h(‘;g:’;zcr;c(lc/)r)\ 1 If\‘;’\';gf;gf\?/l)
Before  SoNodlocen 250 uertorcen TN —
s - seEEes SO 3%Ethylacetate | 1633 1164 713 1169 16
s, 0.3% Ethyl acetate | 1251 872 69.7 824 659
. 0.3% Ethyl acetate | 837 555 66.3 546 65.2
9 Average 69.1 67.6
g\ﬂ ...... vortoadnoom | 1506 939 5 01399 ................................... o

Moxifloxacin 20uM 2133 1250 58.6 41.4 15.2

Moxifloxacin 20uM 1666 968 58.1 41.9 15.9

Moxifloxacin 50uM | 1891 791 41.8 . 582 39.5

% before in the vehicle group Moxifloxacin 50uM | 1383 667 48.2 518 30.2

Before 0.3% Ethyl Acetate e Moxifloxacin 50uM | 863 359 41.6 . 584 39.8
I I _ _ !

Moxifloxacin 125uM 1596 442 27.7 | 72.3 59.0

L_ : Moxifloxacin 125uM | 2133 533 250 | 75.0 63.0

: Moxifloxacin 125uM 1666 339 20.3 79.7 69.9

- Moxifloxacin 250uM | 1891 331 17.5 | 82.5 74.1

S Moxifloxacin 250uM | 1383 260 18.8 81.2 72.2

Moxifloxacin 250uM | 863 141 163 | 837 75.8

Correction 2
Inhibition(%)=100-% before in the moxifloxacin group after transient current reduction/

% before for the vehicle group after transient current reduction) X100

*1: The moxifloxacin group includes vehicle at the same concentration as in the vehicle group.

% before in the moxifloxacin group before 6min (pA) % before 12min (pA) % before Ew/o correction 2 Correction 2
0.3% Ethvl (pA) i inhibition(%)  inhibition(%)
.3% Ethyl acetate :
AU translent oMy aso el I 0.3% Ethyl acetate 809 745 92.1 729 90.1
current reduction Before + 0.3% Ethyl acetate + 0.3% Ethyl acetate E-4031
T B I 0.3% Ethyl acetate 1496 1405 93.9 1338 89.4
0.3% Ethyl acetate 954 866 90.8 816 85.5
Average 92.3 88.4
" eirrentreduction Moxifloxacin 20uM | 1868 1425  76.3 237 17.3
Moxifloxacin 20uM 1300 978 75.2 24.8 18.5
Moxifloxacin 20uM | 1467 1142 77.8 222 15.6
Moxifloxacin 50uM | 4765 2586  54.3 . 457 41.2
% before in the vehicle group Moxifloxacin 50uM 1984 941 47.4 52.6 48.6
0:3% Ethyl Acetate Moxifloxacin S50uM | 2047 998 48.8 . 512 47.2
Ing:::;?\rzgsazr:gﬁnt Before 0.3% Ethyl acetate E]—E'E)Am Moxifloxacin 125I"|'M 1868 566 303 69'7 65'7
B \oxifloxacin 125uM| 1300 360 27.7 | 723 68.7
Moxifloxacin 125uM | 1467 465 31.7 68.3 64.1
® Moxifloxacin 250uM | 4765 772 16.2 83.8 81.7
einentreducton: °  Moxifloxacin 250uM| 1984 331 167 | 833 81.1
%  Moxifloxacin 250uM| 2047 426 208 | 79.2 76.4
Moxifloxacin ICsg (Correction 1 0.3% Ethyl Acetate) Moxifloxacin ICsq (Correction 2 0.3% Ethyl Acetate) Moxifloxacin ICsg (Correction 1 0.1% DMSO)
100 — s 100 100 I
|C50 ICSO
80 _ (umol/L) - - (umol/L)
ifloxacin H 83.9 Moxifloxacin “ 80.1
s 604 60 60 -
£ a0 40 40
204 O :indivir:j: aaaaaa points 20 20 O :indiv:j; aaaaaa points
i to Hill equati ) i i il equati
. pper / lower bo (c1) interval (CI) : upper / lower bound of 95% confidence interval (Cl)
0—I -‘I-‘3 ------- : : — | 04 0 | s ’
P . : ; c / 5 I I I il I I ] I T I I I I ]
10 10 10 10 10 10 10 10" 10° 10’ 10° 10° 10* 10° 10" 10° 10’ 10° 10° 10* 10°
Concentration (umol/L) Concentration (umol/L) Concentration (umol/L)
Moxifloxacin 0.3% Ethyl Acetate 0.1% DMSO
Correction 1 Correction 2 w/o correction 1 w/o correction 2| Correction1l w/o correction 1
1Cso (LM) 33.9 67.1 33.1 55.1 30.1 76.3
95% C| (73.7-95.5) (60.0-75.0) (29.1-37.7) (50.4-60.2) | (70.0-91.8) (66.7—87.2)
nH 1.1 1.1 0.8 1.1 1.0 0.9
95% C| (0.9-1.3) (1.0 -1.3) (0.7-0.9) (0.9-1.2) (0.8—1.1) (0.8-1.1)

Discussion & Conclusion

Results

® |In 0.1% vehicles, % before was >90%, except for ethyl acetate and acetone.

® In most 0.3% vehicles, % before was <90%.

® \ehicle-related current reduction was either transient or persistent.

® Moxifloxacin IC;, differed between ethyl acetate and DMSO

® Moxifloxacin IC., for Corrections 1 and 2 with ethyl acetate (0.3%) did not differ markedly.

® Moxifloxacin IC., for Corrections 1 and 2 with ethyl acetate (0.3%) was similar to that for
Correction 1 with DMSO.

These results indicate that:

® PG up to 0.3% and ethanol, PEG400, 2-propanol, and acetonitrile up to 0.1% did not affect hERG
current.

® Ethyl acetate and acetone were suggested to strongly affect hERG current.

® Corrections 1 and 2 were suggested to reduce the effect of strong, vehicle-related current reduction.

The hERG assay should be conducted using vehicles with minimal effects on hERG current; however,
appropriate correction was suggested to mitigate vehicle-related effects.

At Mediford, in addition to DMSO, the seven vehicles reported here can be used as options for the
hERG assay.

B cooloc

| NTERNATI|IONA/L





<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /All

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (Japan Color 2001 Coated)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /LeaveColorUnchanged

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness false

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages false

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages false

  /ColorImageDownsampleType /None

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages false

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages false

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages false

  /GrayImageDownsampleType /None

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages false

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages false

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages false

  /MonoImageDownsampleType /None

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<

    /JPN <>

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /BleedOffset [

        0

        0

        0

        0

      ]

      /ConvertColors /NoConversion

      /DestinationProfileName ()

      /DestinationProfileSelector /NA

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure true

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles true

      /MarksOffset 0

      /MarksWeight 0.500000

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /NA

      /PageMarksFile /JapaneseWithCircle

      /PreserveEditing false

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /LeaveUntagged

      /UseDocumentBleed false

    >>

    <<

      /AllowImageBreaks true

      /AllowTableBreaks true

      /ExpandPage false

      /HonorBaseURL true

      /HonorRolloverEffect false

      /IgnoreHTMLPageBreaks false

      /IncludeHeaderFooter false

      /MarginOffset [

        0

        0

        0

        0

      ]

      /MetadataAuthor ()

      /MetadataKeywords ()

      /MetadataSubject ()

      /MetadataTitle ()

      /MetricPageSize [

        0

        0

      ]

      /MetricUnit /inch

      /MobileCompatible 0

      /Namespace [

        (Adobe)

        (GoLive)

        (8.0)

      ]

      /OpenZoomToHTMLFontSize false

      /PageOrientation /Portrait

      /RemoveBackground false

      /ShrinkContent true

      /TreatColorsAs /MainMonitorColors

      /UseEmbeddedProfiles false

      /UseHTMLTitleAsMetadata true

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [595.276 841.890]

>> setpagedevice



