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LYSOPHOSPHATIDIC ACID DETECTION same degree of response to more accurately determine total 

LPA concentration with a single probe . 
Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue specifica- 5 
tion ; matter printed in italics indicates the additions 
made by reissue ; a claim printed with strikethrough 
indicates that the claim was canceled , disclaimed , or held 
invalid by a prior post - patent action or proceeding . 

LPA 14 : 0 n = 12 

CROSS REFERENCE TO RELATED LPA 16 : 0 n 
LPA 17 : 0 n = 15 

APPLICATIONS LPA 18 : 0 n = 16 
OH 

This is a reissue of U.S. Pat . No. 9,952,231 , issued Apr. 
24 , 2018 , which is the U.S. National Stage of International 
Application No. PCT / US2014 / 029025 , filed Mar. 14 , 2014 , 
which was published in English under PCT Article 21 ( 2 ) , LPA 18 : 1 

which in turn claims the benefit of U.S. Provisional Appli 
cation No. 61 / 790,443 , filed Mar. 15 , 2013 , each of which is 
incorporated herein in its entirety by reference . 

10 

14 

OH 
HO ... 

15 

OH 
OH ... 20 HO 

LPA 20 : 4 

25 

30 

40 

9 

ACKNOWLEDGMENT OF GOVERNMENT 
SUPPORT 

Known methods suffer from disadvantages . Xu et al . 
This invention was made with government support under ( JAMA , 1998 , 280 : 719-723 ) used a gas chromatography 

Grant No. RO1 CA136491 awarded by the National Insti- ( GC ) method to quantify total LPA plasma levels . Chen et al . 
tutes of Health , and Grant No. 0741993 , awarded by the ( J. Chromatogr . B. Biomed . Sci . Appl . , 2001 , 753 : 355-363 ) 
National Science Foundation . The government has certain used capillary electrophoresis ( CE ) to quantify individual 
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However , to separate LPA from other lipids before the 
FIELD detection , these and several other studies rely on two 

35 dimensional thin layer chromatography ( TLC ) as a step , 
This disclosure concerns embodiments of methods and which is time consuming and labor intensive . 

compounds for isolating and detecting lysophosphatidic Holland et al . ( J. Lipid Res . , 2003 , 44 : 854-858 ) used high 
acids . Kits for performing the methods also are disclosed . performance liquid chromatography ( HPLC ) to separate 
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ovarian cancer and other gynecological cancers . LPA also 864 : 22-28 ) found that some unknown compounds in plasma , 
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SUMMARY -continued 
( IV ) 

R12 R1 12 

5 N 

R12 R 12 

Embodiments of methods and compounds for isolating 
and detecting lysophosphatidic acids are disclosed . Kits for 
performing the methods also are disclosed . 

Embodiments of compounds suitable for detecting lyso 
phosphatidic acids have a structure according to any one of 
general formulas I - IV . 

R2 R23 
10 R3 R4 R22 

R11 
RZ 

( I ) 
Rl R 12 

15 
R8 R10 

R12 R 12 
Rº 

R2 R5 

R3 R4 20 

RII 10 

R ? 11 

25 
R8 RIO 

With respect to general formula 1 , RP - R independently 
are H , hydroxyl , thiol , lower alkyl , carboxyalkyl , amino , 
lower alkoxy , or halogen ; RP - Rº independently are H , alkyl , 
acyl , carboxyl , nitro , amino , alkylamino , or SOH ; Rll is 
NC ( = R13 ) NH2 , NNHC ( = R13 ) NH , NC - , 
( NH ) NC ( = R13 ) NH2 , or N - NH - C ( NH2N 
CE = R13 ) NH2 , where R13 is O , S , or NH ; each R ! 
independently is hydrogen or lower alkyl , or each of R ' , R2 , 
RS , and Rómay together with an adjacent R12 and N atom 
form a 6 - membered heterocyclic ring ; and X is O , S , CH2 , 
NH , or SiR14 where R14 is H or lower alkyl . 

, 
12 

R9 

( II ) 30 
R17 

R 18 R16 
R 12 R ! 

> 35 R 12– RIS 

R2 RS 

With respect to general formula II , R - RS , R15 , R17 , and 
R18 independently are hydrogen , hydroxyl , thiol , lower 
alkyl , carboxyalkyl , amino , lower alkoxy , or halogen ; R16 is 
-N ( R12 ) 2 ; each Rl2 independently is hydrogen or lower 
alkyl , or each of R ' , R ?, R15 , and R17 may together with an 
adjacent R12 and N atom form a 6 - membered heterocyclic 
ring ; and R ' - R10 , Rll and X are as described for general 
formula I. 

R3 RA 
40 

R11 
R ? 

R8 Rio 45 
. 

R9 

( III ) 
R 12 R20 R17 50 

R 19 R18 R16 

With respect to general formula III , R2 - RS , R15 , R17 , and 
R19 - R21 independently are hydrogen , hydroxyl , thiol , lower 
alkyl , carboxyalkyl , amino , lower alkoxy , or halogen ; one of 
R16 and R18 is hydrogen , hydroxyl , thiol , lower alkyl , 
carboxyalkyl , amino , lower alkoxy , or halogen , and the other 
of R16 and R18 is - N ( R1 ) ; each R12 independently is 
hydrogen or lower alkyl , or if R16 is — N ( R12 ) 2 , each of R15 , 
R ?? , R20 , and R21 may together with an adjacent R12 and N 
form a 6 - membered heterocyclic ring ; and RP - R10 , R1 and 
X are as described for general formula I. 

R12 

R21 R 15 . 55 
11 

R2 R5 

R3 R4 

RII 60 

R ? 

With respect to general formula IV , R - R4 , R , and 
R22 - R24 independently are hydrogen , hydroxyl , thiol , lower 
alkyl , carboxyalkyl , amino , lower alkoxy , or halogen ; each 
R12 independently is hydrogen or lower alkyl , or each of R ' , 
R2 , R23 , and R24 may together with an adjacent R12 and N 
form a 6 - membered heterocyclic ring ; and RZ - R19 , R1 and 
X are as described for general formula I. 

R8 RIO 65 
R9 ? 
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Exemplary compounds include , but are not limited to 
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8 

aqueous layers of the mixture ; extracting the aqueous layer 
with phosphate - buffered saline , pH 7.4 to form an extracted 
aqueous phase ; mixing the extracted aqueous phase with 
chloroform ; separating chloroform from the extracted aque 
ous phase to form a washed aqueous phase ; repeating the 
steps of mixing the extracted phase with chloroform and 
separating chloroform from the extracted aqueous phase to 
form a washed aqueous phase ; adding phosphoric acid to the 
washed aqueous phase to reduce pH to 2 , thereby forming an 

NH2 acidified aqueous phase ; loading the acidified aqueous phase 
onto a solid - phase extraction ( SPE ) cartridge , wherein the 
SPE cartridge has a C8 stationary phase ; flowing water and 
subsequently chloroform through the SPE cartridge ; drying 
the SPE cartridge ; and flowing methanol through the SPE 
cartridge , thereby eluting lysophosphatidic acid species in 
methanol from the SPE cartridge . In some embodiments , the 
method further includes evaporating methanol to form a dry 
residue comprising lysophosphatidic acid species , and dis 
solving the dry residue in 9 : 1 methanol : H20 to produce an 
extracted lysophosphatidic acid sample comprising one or -NH2 more lysophosphatidic acid species . 

In some embodiments , a total concentration of lysopha 
tidic acid ( LPA ) species the extracted lysophosphatidic 
acid sample is determined . The sample may be obtained 
from a subject suspected of being at risk of a condition 
associated with an aberrant LPA level , the method further 
comprising determining a risk level for the condition , 
wherein the risk level is based at least in part on the 
lysophosphatidic acid concentration . In certain embodi 
ments , the condition is cancer ( for example , ovarian cancer ) , 
cardiovascular disease , platelet aggregation , ischemia per 
fusion injury , neuropathic pain , a neuropsychiatric disorder , 

-NH2 a reproductive disorder , or fibrosis . Total concentration of 
LPA can be determined by combining the extracted lyso 
phosphatidic acid sample with a compound according to any 
one of general formula I - IV in a solvent comprising 2.5-10 % 
dimethylsulfoxide in methanol to form a solution ; exposing 
the solution to a light source ; measuring fluorescence inten 
sity of the solution ; and determining , based on the fluores 
cence intensity , the total concentration of lysophosphatidic 
acid species . In certain examples , the compound is 

20 

25 

30 

35 

40 

45 

-NH , and 

50 NH2 

NH 

55 

-NH2 and fluorescence intensity is measured at 570 nm . 
In some embodiments , lysophosphatidic acid species in 

the extracted lysophosphatidic acid sample are separated 
using a reversed - phase high - performance liquid chromatog 

60 raphy ( HPLC ) column , and individual lysophosphatidic acid 
Some embodiments of a method for isolating lysophos- species are detected as the separated lysophosphatidic acid 

phatidic acid species from a plasma or serum sample include species exit the reversed - phase HPLC column . LPA species 
obtaining a plasma or serum sample ; combining one part may be separated using HPLC by flowing the sample into a 
plasma or serum sample with five parts solvent comprising reversed - phase HPLC column including a C8 stationary 
methanol and chloroform in a ratio of 2 : 1 to form a mixture ; 65 phase , and subsequently flowing 16 : 5 methanol / phosphate 
incubating the mixture at 4 ° C. for 15-30 minutes ; warming buffer ( 50 mM , PH 2.5 ) through the reversed - phase HPLC 
the mixture to ambient temperature ; separating organic and column , thereby forming an eluent comprising lysophospha 
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tidic acid species . Individual LPA species may be detected FIGS . 6A - 6E are a series of calibration curves LPAS : 
by combining the eluent with 4- ( 4- ( dihexadecylamino ) 14 : 0 — FIG . 6A , 16 : 0 — FIG . 6B , 18 : 0 — FIG . 6C , 18 : 1– 
styryl ) -N - methylpyridinium iodide ( DIA ) as it exits the FIG . 6D , and 20 : 4 FIG . 6E . The curves were obtained 
reversed - phase HPLC column to form a DiA - eluent mixture , using an LC / ESI / MS / MS method . The area ratio ( A / As ) is 
flowing the DiA - eluent mixture through a detector , and 5 the peak area of the individual LPA divided by the peak area 
detecting individual lysophosphatidic acid species by detect- of the internal standard ( LPA 17.0 ) . 
ing fluorescence of the DiA - eluent mixture as the DiA- FIG . 7 is an HPLC trace of 10 UM LPAs mixture ( LPA 
eluent mixture flows through the detector . 14 : 0 , 16 : 0 , 17 : 0 , 18 : 0 , 18 : 1 and 20 : 4 ) and LPAs isolated 

In certain embodiments , the method further includes from Donor A human plasma . Chromatography conditions : 
identifying an individual lysophosphatidic acid species by 10 Column — reversed phase C8 , 3 um , 50x2.0 mm ; mobile 
comparing an elution time for the individual lysophospha phase_methanol : phosphate buffer ( pH 2.5 ) = 16 : 5 ; flow 
tidic acid species to elute from the reversed - phase HPLC rate 0.32 mL / min ; injection volume - 20 uL ; sample con 
column to elution times for known individual lysophospha centration - 10 UM in MeOH : H2O 9 : 1 post - column 
tidic acid species , measuring fluorescence intensity of the reagent — 10 UM DIA in H20 ; reagent flow rate 0.62 
DiA - eluent mixture , and determining , based on the fluores 15 mL / min . Detection wavelengths : ex / em 450/570 nm . 

FIGS . 8A and 8B are LC / ESI / MS / MS traces of a 10 uM cence intensity , a concentration of the individual lysophos mixture of standard LPAs ( FIG . 8A ) and a plasma sample phatidic acid species . In some examples , the sample is from donor A ( FIG . 8B ) . Column : LUNATM C8 column obtained from a subject suspected of being at risk of a ( 50x2 mm , 3 um ) at 40 ° C. Injection volume ; 10 ul . Mobile 
condition associated with an aberrant LPA level , and the 20 phase ; MeOH : aqueous formic acid ( pH 2.5 ) 9 : 1 . Flow rate 
method includes determining a risk level for the condition , of 0.4 mL / min . Parent and daughter ions were detected in the 
wherein the risk level is based at least in part on an negative ion mode , sprayer voltage ; 3.0 kV , capillary tem 
identification of an individual lysophosphatidic acid species , perature at 300 ° C. 
the concentration of the individual lysophosphatidic acid FIG . 9 is a bar graph illustrating the relative fluorescence 
species , or a combination thereof . Exemplary conditions that 25 emission obtained from two embodiments of the disclosed 
may be associated with an aberrant LPA level include probes ( GRBI and GRBII ) when combined with LPA 16 : 0 ; 
cancer , cardiovascular disease , platelet aggregation , isch- Ex / Em = 550 nm / 570 nm , final probe concentration 5 UM , 
emia perfusion injury , neuropathic pain , a neuropsychiatric final LPA16 : 0 concentration 10 uM , solvent system DMSO 
disorder , a reproductive disorder , or fibrosis . In certain 2.5 % in chloroform . 
examples , the condition is ovarian cancer . FIG . 10 shows fluorescence spectra of GRBII alone and 

Embodiments of kits for detecting and quantifying lyso- GRBII in the presence of LPA14 : 0 , 16 : 0 , 18 : 0 , 18 : 1 , 
phosphatidic acid include at least one compound according ex / em = 550 nm / 570 nm , final probe concentration 5 uM , 
to any one of general formulas I - IV . The kits may further final LPA concentration 10 UM , solvent system CHC13 : 
include one or more lysophosphatidic acid species , and / or DMSO 9 : 1 . 
one or more solid - phase extraction cartridges wherein the 35 FIG . 11 is a graph of fluorescence intensity of GRBII 
stationary phase is C8 . alone and in the presence of LPA14 : 0 , 16 : 0 , 18 : 0 , 18 : 1 over 

The foregoing and other objects , features , and advantages time , ex / em = 550 nm / 570 nm , final probe concentration 5 
of the invention will become more apparent from the fol- UM , final LPA concentration 10 uM , solvent system CHC1z : 
lowing detailed description , which proceeds with reference DMSO 9 : 1 . 
to the accompanying figures . 

DETAILED DESCRIPTION 
BRIEF DESCRIPTION OF THE DRAWINGS 

Embodiments of methods and compounds for isolating 
FIG . 1 shows absorbance spectra of an aqueous solution and detecting lysophosphatidic acids ( LPAs ) are disclosed , 

of 3 um 4- ( 4- ( dihexadecylamino ) styryl ) -N - methylpyri- 45 along with kits for performing the method . Embodiments of 
dinium iodide ( DiA ) in the absence ( dashed line ) or presence the method include a liquid - liquid and solid - phase extraction 
( solid line ) of 10 uM lysophosphatidic acid ( LPA ) 18 : 0 . process to isolate LPAs in plasma from interfering compo 
FIG . 2 shows fluorescence emission spectra of 3 uM DIA nents . Following extraction , individual LPA species may be 

in the absence ( dashed line ) or presence ( solid line ) of 10 uM separated by HPLC and detected in a fluorometric assay . 
LPA 18 : 0 ( ex / em = 470 / 590 nm ) . 50 Alternatively , total LPA may be quantified using embodi 
FIG . 3 shows emission spectra and a calibration curve ments of a fluorescent compound capable of detecting a 

( inset ) of 2.67 UM DIA upon titration with LPA ( 18 : 0 ) . plurality of LPA species with substantially similar sensitiv 
FIG . 4 is an HPLC trace of a LPA mixture ( 10 UM LPA 

14 : 0 , 16 : 0 , 18 : 0 , 18 : 1 , 20 : 4 and 20 uM LPA 17 : 0 ) injected 
in a 20 uL injection loop . Chromatography conditions : 55 I. TERMS AND ABBREVIATIONS 
Column : LUNATM C8 column , 3 um , 50x2.1 mm , mobile 
phase : methanol : phosphate buffer ( 50 mM , PH 2.5 ) 16 : 5 ; The following explanations of terms and abbreviations are 
flow rate : 0.32 mL / min . Injection volume : 20 ul . Sample provided to better describe the present disclosure and to 
concentration : 10 uM in methanol : H2O 9 : 1 . Post - column guide those of ordinary skill in the art in the practice of the 
reagent : 10 UM DIA in H20 . Reagent flow rate : 0.62 60 present disclosure . As used herein , “ comprising ” means 
mL / min . Detection wavelength : ex / em 450/570 nm . " including ” and the singular forms “ a ” or “ an ” or “ the ” 

FIGS . 5A - 5E are a series of calibration curves of LPAS : include plural references unless the context clearly dictates 
14 : 0 — FIG . 5A , 16 : 0 — FIG . 5B , 18 : 0 — FIG . 5C , 18 : 1– otherwise . The term " or ” refers to a single element of stated 
FIG . 5D , and 20 : 4 — FIG . 5E . The curves were obtained alternative elements or a combination of two or more 
using the disclosed HPLC post - column procedure . The area 65 elements , unless the context clearly indicates otherwise . 
ratio ( A / As ) is the peak area of the individual LPA divided Unless explained otherwise , all technical and scientific 
by the peak area of the internal standard ( LPA 17.0 ) . terms used herein have the same meaning as commonly 
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understood to one of ordinary skill in the art to which this Substituted : A fundamental compound , such as an aryl or 
disclosure belongs . Although methods and materials similar aliphatic compound , or a radical thereof , having coupled 
or equivalent to those described herein can be used in the thereto , typically in place of a hydrogen atom , a second 
practice or testing of the present disclosure , suitable meth- substituent . For example , substituted aryl compounds or 
ods and materials are described below . The materials , meth- 5 substituents may have an aliphatic group coupled to the 
ods , and examples are illustrative only and not intended to closed ring of the aryl base , such as with toluene . Again 
be limiting . Other features of the disclosure are apparent solely by way of example and without limitation , a long 
from the following detailed description and the claims . chain hydrocarbon may have a substituent bonded thereto , 

Unless otherwise indicated , all numbers expressing quan such as one or more halogens , an aryl group , a cyclic group , 
tities of ingredients , properties such as molecular weight , 10 a heteroaryl group or a heterocyclic group . 
percentages , and so forth , as used in the specification or II . OVERVIEW OF VARIOUS EMBODIMENTS claims are to be understood as being modified by the term 
“ about . ” Accordingly , unless otherwise indicated , implicitly Embodiments of compounds for detecting lysophospha 
or explicitly , the numerical parameters set forth are approxi 15 tidic acids have a structure according to any one of general mations that may depend on the desired properties sought , formulas I - IV . When the compound has general formula I , 
limits of detection under standard test conditions / methods , RP - R independently are hydrogen , hydroxyl , thiol , lower 
limitations of the processing method , and / or the nature of the alkyl , carboxyalkyl , amino , lower alkoxy , or halogen ; 
parameter or property . When directly and explicitly distin- R - R10 independently are hydrogen , alkyl , acyl , carboxyl , 
guishing embodiments from discussed prior art , the embodi- 20 nitro , amino , alkylamino , or SOzH ; Rilis NC 
ment numbers are not approximates unless the word “ about ” ( R13 ) NH , N - NHCR13 ) NH , NC ( NH2 ) 
is recited . EN CE = R13 ) NH2 , N - NH - C ( NH2 N / C 

Acyl : An organic functional group having the general ER13 ) NH2 , where R13 is O , S , or NH ; each R12 
formula - C ( O ) R , where R is alkyl , heteroalkyl , haloalkyl , independently is hydrogen or lower alkyl , or each of R ' , R ?, 
aliphatic , heteroaliphatic , aryl , or heteroaryl . 25 RS , and Rómay together with an adjacent R12 and N atom 
Alkoxy : A radical ( or substituent ) having the structure form a 6 - membered heterocyclic ring ; and X is O , S , CH2 , 
O - R , where R is a substituted or unsubstituted alkyl . NH , or SiR14 where R14 is H or lower alkyl . In some 

Methoxy ( OCH , ) is an exemplary alkoxy group . embodiments R - R1 ° are H. 
Alkyl : A hydrocarbon group having a saturated carbon When the compound has general formula II , R ' - RS , R15 , 

chain . The chain may be cyclic , branched or unbranched . 30 R ?? , and R18 independently are hydrogen , hydroxyl , thiol , 
The term lower alkyl means the chain includes 1-10 carbon lower alkyl , carboxyalkyl , amino , lower alkoxy , or halogen ; 
atoms . Rois - N ( R2 ) ,; R - Rindependently are hydrogen , alkyl , 

Alkylamino : An alkyl group where at least one hydrogen acyl , carboxyl , nitro , amino , alkylamino , or , -SOZH ; R11 is 
is substituted with an amino , mono - substituted amino or NC ( R ) -NH , N – NH C ( -R13 ) NH , NC N 
di - substituted amino group . 35 ( NH4 ) 2N CR ' ) NHÀ , or N?NH C ( NH , ?N 
Amino : A chemical functional group -N ( R ) R ' where R CER13 ) -NH2 , where R13 is O , S , or NH ; each R ' 

and R ' are independently hydrogen , alkyl , heteroalkyl , independently is hydrogen or lower alkyl , or each of R1 , R² , 
haloalkyl , aliphatic , heteroaliphatic , aryl ( such as optionally R15 , and R17 may together with an adjacent R12 and N atom 
substituted phenyl or benzyl ) , heteroaryl , alkylsulfano , or form a 6 - membered heterocyclic ring ; and X is O , S , CH2 , 
other functionality . A “ primary amino " group is -NH2 . 40 NH , or SiR14 where R14 is H or lower alkyl . In some 
“ Mono - substituted amino ” means a radical -N ( H ) R sub- embodiments , R - R , RZ - R10 , R15 , R17 , and R18 are hydro 
stituted as above and includes , e.g. , methylamino , ( 1 - methy- gen . 
lethyl ) amino , phenylamino , and the like . “ Di - substituted When the compound has general formula III , R - R3 , R15 , 
amino ” means a radical —N ( R ) R ' substituted as above and R17 , and R19 - R21 independently are hydrogen , hydroxyl , 
includes , e.g. , dimethylamino , methylethylamino , di ( 1- 45 thiol , lower alkyl , carboxyalkyl , amino , lower alkoxy , or 
methylethyl ) amino , and the like . halogen ; one of R16 and R18 is hydrogen , hydroxyl , thiol , 

Carboxyalkyl : A functional group with the formula lower alkyl , carboxyalkyl , amino , lower alkoxy , or halogen , 
COOR where R is alkyl . and the other of R16 and R18 is N ( R2 ) ; RP - Rº indepen 2 ° 
DIA : 4- ( 4- ( dihexadecylamino ) styryl ) -N - methylpyri- dently are hydrogen , alkyl , acyl , carboxyl , nitro , amino , , 

dinium iodide 50 alkylamino , or SO , H ; Ri is N? CÓ R3 ) NHA , 
HPLC : high performance ( or pressure ) liquid chromatog- N - NH - CER13 ) NH2 , NC ( NH ) = NC = R13 ) . 

raphy NH2 , or N - NHC ( NH2 ) = N / C ( = R13 ) NH2 , where 
LPA : lysophosphatidic acid R13 is O , S , or NH ; each R12 independently is hydrogen or 
LPS : lysophosphatidyl serine lower alkyl , or if R16 is - N ( R12 ) ,, each of R15 , R17 , R20 , 
PA : phosphatidic acid 55 and R21 may together with an adjacent R12 and N form a 
PC : phosphatidyl choline 6 - membered heterocyclic ring ; and X is O , S , CH? , NH , or 
PE : phosphatidylethanolamine SiR14 where R14 is H or lower alkyl . In some embodiments , 
PI : phosphatidyl inositol R2 - RS , RP - R10 , R15 , R ?? , and R19 - R21 are hydrogen , one of 
Probe : A substance used to detect or identify another R16 and R18 is hydrogen , and the other of R16 and R18 is 

substance in a sample . 60 —N ( R122 
S1P : sphingosine - 1 - phosphate When the compound has general formula IV , RP - R4 , Ró , 
SPE : solid phase extraction and R22 - R24 independently are hydrogen , hydroxyl , thiol , 
Substituent : An atom or group of atoms that replaces lower alkyl , carboxyalkyl , amino , lower alkoxy , or halogen ; 

another atom in a molecule as the result of a reaction . The R - R10 independently are hydrogen , alkyl , acyl , carboxyl , 
term “ substituent ” typically refers to an atom or group of 65 nitro , amino , alkylamino , or SOzH ; Rll is NO 
atoms that replaces a hydrogen atom on a parent hydrocar- ER13 ) NH2 , N - NH - CER13 ) NH2 , N - C ( NH ) 
bon chain or ring . = N - C ( = R13 ) NH2 , N - NH - C ( NH2 ) = N - C 
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R13 ) NH2 , where R13 is 0 , S , or NH ; each R12 
independently is hydrogen or lower alkyl , or each of R1 , R² , 
R23 , and R24 may together with an adjacent R12 and N form 
a 6 - membered heterocyclic ring ; and X is O , S , CH2 , NH , or 
SiR14 where R14 is H or lower alkyl . In some embodiments , 
R - R4 , R6-10 , and R22 - R24 are hydrogen . 

In any or all of the above embodiments , each R12 inde 
pendently may be methyl or ethyl . In any or all of the above 
embodiments , X may be oxygen . 

In some embodiments , the compound is 
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A kit for detecting and quantifying lysophosphatidic acid 
comprises at least one compound according to any or all of 
the above embodiments . In some embodiments , the kit 
further comprises one or more lysophosphatidic acid spe 
cies . In any or all of the above embodiments , the kit may 
further comprise one or more solid - phase extraction car 

20 tridges wherein the stationary phase is C8 . In any or all of 
the above embodiments , the compound may be NH 

-NH2 

25 root or 30 
-NH2 

HN 

-NH2 35 

40 NH2 

NH 

45 

-NH2 

A method for quantifying lysophosphatidic acid species 
comprises combining a sample that may include one or more 
lysophosphatidic acid species with a compound according to 
any or all of the above embodiments in a solvent comprising 

50 dimethylsulfoxide in methanol to form a solution ; exposing 
the solution to a light source ; measuring fluorescence inten 
sity of the solution , and determining , based on the fluores 
cence intensity , a total concentration of lysophosphatidic 
acid species in the sample . The solvent may comprise 

55 2.5-10 % dimethylsulfoxide in methanol . In some embodi 
ments , the sample is obtained by extracting lysophosphatidic 
acid species from a plasma or serum sample . 
A method for extracting lysophosphatidic acid species 

includes combining a sample of plasma or serum with a 
60 solvent comprising a lower alkyl alcohol and a relatively 

nonpolar solvent , e.g. , chloroform , to form a mixture ; sepa 
rating organic and aqueous layers of the mixture ; extracting 
the aqueous layer with a buffer at neutral pH to form an 
extracted aqueous phase ; mixing the extracted aqueous 

65 phase with chloroform ; separating chloroform from the 
extracted aqueous phase to form a washed aqueous phase ; 
adding phosphoric acid to the washed aqueous phase to form 

-NH2 , or 
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an acidified aqueous phase ; loading the acidified aqueous further comprising determining a risk level for the condition , 
phase onto a solid - phase extraction ( SPE ) cartridge includ- wherein the risk level is based at least in part on the total 
ing a stationary phase comprising silica derivatized with concentration . In some embodiments , the condition is can 
hydrocarbon chains ; flowing water and subsequently chlo- cer , e.g. , ovarian cancer , cardiovascular disease , platelet 
roform through the SPE cartridge ; drying the SPE cartridge ; s aggregation , ischemia perfusion injury , neuropathic pain , a 
and flowing a lower alkyl alcohol through the SPE cartridge , neuropsychiatric disorder , a reproductive disorder , or fibro 

sis . thereby eluting lysophosphatidic acid species in the lower 
alkyl alcohol from the SPE cartridge . In some embodiments , the method further includes sepa 

In some embodiments , combining the plasma or serum rating lysophosphatidic acid species in the extracted lyso 
sample with the solvent comprises combining one part of the 10 phosphatidic acid sample using a reversed - phase high - per 
plasma or serum sample with five parts of the solvent , the formance liquid chromatography ( HPLC ) column , and 

detecting individual lysophosphatidic acid species as the solvent comprising methanol and chloroform in a ratio of 
2 : 1 . In any or all of the above embodiments , the method may separated lysophosphatidic acid species exit the reversed 
further comprise incubating the mixture at 4 ° C . for a period 15 cies using a reversed - phase high - performance liquid chro phase HPLC column . Separating lysophosphatidic acid spe 4 
of time ; and warming the mixture to ambient temperature matography ( HPLC ) column may further comprise flowing before separating the organic and aqueous layers of the the sample into the reversed - phase HPLC column , wherein mixture . In any or all of the above embodiments , extracting the column has a C8 stationary phase , and subsequently the aqueous layer with a buffer at neutral pH may comprise 
extracting with phosphate - buffered saline at pH 7.4 . In any 20 through the reversed - phase HPLC column , thereby forming flowing 16 : 5 methanol / phosphate buffer ( 50 mM , PH 2.5 ) 
or all of the above embodiments , the steps of mixing the an eluent comprising lysophosphatidic acid species . In any extracted aqueous phase with chloroform and separating or all of the above embodiments , detecting individual lyso chloroform from the extracted aqueous phase to form a 
washed aqueous phase may be repeated . In any or all of the phosphatidic acid species may comprise combining the 

eluent with 4- ( 4- ( dihexadecylamino ) styryl ) -N - methylpyri above embodiments , sufficient phosphoric acid may be 25 dinium iodide ( DIA ) as it exits the reversed - phase HPLC added to the washed aqueous phase to reduce pH to 2. In any column to form a DiA - eluent mixture ; flowing the DiA or all of the above embodiments , the stationary phase of the eluent mixture through a detector ; and detecting individual SPE cartridge may comprise silica derivatized with octyl lysophosphatidic acid species by detecting fluorescence of chains . In any or all of the above embodiments , the lower the DiA - eluent mixture as the DiA - eluent mixture flows alkyl alcohol may be methanol . In any or all of the above 30 through the detector . In some embodiments , the method embodiments , the method may further include evaporating further comprises identifying an individual lysophosphatidic the lower alkyl alcohol to form a dry residue comprising 
lysophosphatidic acid species ; and dissolving the dry residue acid species by comparing an elution time for the individual 

lysophosphatidic acid species to elute from the reversed in 9 : 1 methanol : H20 to produce an extracted lysophospha 
tidic acid sample comprising one or more lysophosphatidic 35 lysophosphatidic acid species , measuring fluorescence phase HPLC column to elution times for known individual 
acid species . In some embodiments , the method further intensity of the DiA - eluent mixture , and determining , based includes determining a total concentration of lysophatidic on the fluorescence intensity , a concentration of the indi acid species in the extracted lysophosphatidic acid sample . vidual lysophosphatidic acid species . In some embodiments , the method further includes deter In any or all embodiments of the above methods , the mining a total concentration of lysophatidic acid species by 40 plasma or serum sample may be obtained from a subject combining the extracted lysophosphatidic acid sample with 
a compound as disclosed herein in a solvent comprising suspected of being at risk of a condition associated with an 

aberrant LPA level , the method further comprising deter dimethylsulfoxide in methanol to form a solution ; exposing mining a risk level for the condition , wherein the risk level the solution to a light source ; measuring fluorescence inten is based at least in part on an identification of an individual sity of the solution ; and determining , based on the fluores 
cence intensity , the total concentration of lysophosphatidic 45 lysophosphatidic acid species , the concentration of the indi 
acid species . The solvent may comprise 2.5-10 % dimethyl vidual lysophosphatidic acid species , or a combination 

thereof . In some embodiments , the condition is cancer , e.g. , sulfoxide in methanol . ovarian cancer , cardiovascular disease , platelet aggregation , In some embodiments , the compound used for determin ischemia perfusion injury , neuropathic pain , a neuropsychi ing a total concentration of lysophosphatidic acid species is 50 atric disorder , a reproductive disorder , or fibrosis . 
III . LPA ISOLATION 

ex LPAs are found in plasma and serum . To accurately 
55 quantify total LPA and / or to separate , identify , and quantify 

LPA species , the LPAs must be extracted from the plasma or 
serum sample and separated from potential interferences , 

NH2 including other phospholipids ( e.g. , phosphatidic acids , 
phosphatidyl cholines , lysophophatidyl cholines , lysophos 

60 phatidyl serines , phosphatidyl ethanolamine , phosphatidyl 
inositol , and sphingosine - 1 - phosphate ) that may interfere . 

Conventional methods for extracting LPAs insufficiently 
remove interferences and / or produce poor LPA recoveries . 

and fluorescence intensity is measured at 570 nm . These methods do not adequately prepare LPA samples for 
In any or all of the above embodiments , the sample may 65 quantifying total LPA , or for HPLC separation and subse 

be obtained from a subject suspected of being at risk of a quent identification quantification of individual LPA species 
condition associated with an aberrant LPA level , the method as disclosed herein . For example , solid phase extraction 

NH 
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( SPE ) is an accepted method for the removal of potential of plasma or serum sample and 4 mL of solvent are used . 
interferences from biological samples , and has been used for The mixture is thoroughly mixed , e.g. , by vortexing at 2,000 
the isolation and enrichment of the different classes of rpm for 30 seconds . The mixture is then incubated at 4 ° C. 
phospholipids . However , SPE alone does not sufficiently for 20 minutes , warmed to ambient temperature , and the 
remove other phospholipids that can interfere with LPA 5 aqueous and organic layers are separated , e.g. , by centrifu 
separation and detection by HPLC . Additionally , although gation at 2000 rpm for 10 minutes . The upper aqueous layer 
hybrid zirconia and titania support cartridges are known to is extracted with 2 mL phosphate - buffered saline ( 10 mm , be useful for recovery of phosphopeptides and removal of pH 7.4 ) by vortexing at 2000 rpm for 30 seconds . The phospholipids from biological media , poor recoveries of 
LPAs were obtained under all evaluated conditions . Because 10 form ( 1.33 mL ) . After each washing , the layers are sepa 

aqueous phase is separated and washed twice with chloro 
SPE does not sufficiently remove interfering phospholipids , 
some reported methods include a liquid - liquid extraction rated , and the chloroform layer is discarded . The washed 
step . Typical procedures require plasma acidification prior to aqueous phase is acidified to pH 2 with phosphoric acid . The 
extraction . However , evaluation of these methods demon acidified aqueous phase is then loaded on a C8 SPE cartridge 
strated that has been preconditioned with 6 mL of methanol , fol low LPA recoveries , and insufficient removal of 15 very 
other interferences . lowed by 3 mL of water . After the sample is loaded onto the 

Embodiments of the disclosed method for LPA extraction cartridge , the cartridge is rinsed with 3 mL water , and then 
include a liquid - liquid extraction followed by reversed 1 mL chloroform . The cartridge then is dried , e.g. , with a 
phase SPE . Liquid - liquid extraction may be performed with nitrogen stream . LPAs are eluted from the dried cartridge 
a solvent mixture comprising a lower alkyl alcohol ( e.g. , 20 with 4 mL methanol . The eluted LPAs may be dried , and 
methanol , ethanol ) and a relatively nonpolar solvent . In reconstituted in 9 : 1 methanol : water for further analysis , 
some examples , a solvent comprising methanol and chloro- such as HPLC separation . 
form , such as 2 : 1 MeOH : CHC1z , is mixed with a plasma or 
serum sample in a ratio of five parts solvent to one part IV . LPA SPECIES HPLC SEPARATION AND 
plasma / serum . The combined solvent mixture and plasma / 25 POST - COLUMN DETECTION 
serum sample is incubated at 4 ° C. for an effective period of 
time , and then warmed to ambient temperature ( e.g. , 20 ° C. ) . Following solid - phase extraction of LPAs from plasma or 
In some embodiments , the effective period of time is at least serum , the LPA species are separated using HPLC and then 
15 minutes , such as 15-30 minutes . In certain examples , the detected . A fluorescent probe 4- ( 4- ( dihexadecylamino ) 
effective period of time is 20 minutes . The organic and 30 styryl ) -N - methylpyridinium iodide ( DiA , below ) is used as 
aqueous layers are separated ( e.g. , by centrifugation ) , and a post - column reagent for the fluorescent detection and 
the upper aqueous layer is recovered . quantification of phospholipids . DiA fluorescence can be 

Phosphatidic acids are negatively charged at neutral pH . detected with an excitation wavelength of 450-470 nm and 
Thus , extraction at neutral pH selectively removes nega- an emission wavelength of 570-590 nm . Embodiments of 
tively charged LPAs from other neutral and positively 35 the disclosed method , including the initial LPA extraction , 
charged phospholipids . Accordingly , the upper aqueous are capable of separating and quantifying at least six indi 
layer is extracted with a buffer near physiologic pH , such as vidual LPA species . In some embodiments , six individual 
phosphate - buffered saline ( 10 mM , pH 7.4 ) . The aqueous LPA species at physiological levels in plasma can be sepa 
phase is washed with chloroform , and then acidified with rated and detected in 15 minutes . Compared to conventional 
phosphoric acid to pH 2 . 40 LC - MS methods , embodiments of the disclosed method are 

Reversed - phase SPE separates compounds based on more practical and reliable since the method is not prone to 
polarity . An SPE column includes a stationary phase ( e.g. , ionization - related issues and is relatively inexpensive for 
silica ) derivatized with hydrocarbon chains . A solution com- routine analysis . 
prising a mixture of compounds with varying polarities is 
passed through the column . Compounds with low - polarity 45 
are retained on the stationary phase while more polar ( CH2 ) 15CH ; 
compounds elute with the solvent . The less polar compounds 
then are eluted from the stationary phase using a nonpolar 
solvent . In some embodiments , a C8 SPE cartridge is used . ( CH2 ) 15CH3 
A C8 stationary phase comprises silica functionalized with 50 
octyl chains . The cartridge may be preconditioned with a 
polar solvent , or series of polar solvents , such as methanol 
followed by water . The acidified aqueous phase from the 
liquid : liquid extraction is loaded onto the cartridge . The HPLC can be used to separate LPA species . Desirably , 
cartridge is washed first with water to remove any polar 55 HPLC separation will provide complete separation of LPA 
species , and then with chloroform . The SPE cartridge is species with minimal peak broadening and a reasonable 
dried , with a nitrogen stream , to remove residual chloro- separation time ( e.g. , less than 20 minutes ) . It was deter 
form , and LPAs subsequently are eluted with a lower alkyl mined that reversed - phase HPLC would be suitable . An 
alcohol , e.g. , methanol . The most hydrophobic species are extensive evaluation of solvent systems determined that 
retained on the stationary phase . 60 common solvent mixtures ( methanol / water , acetonitrile / wa 

In certain examples , isolating LPA includes obtaining a ter ) did not adequately resolve LPA species . Phosphate 
plasma or serum sample , e.g. , from a subject having , or buffer was found to provide the best results . Complete 
being at risk of developing , a condition associated with separation of LPA species depends , at least in part , on buffer 
aberrant LPA levels . The plasma or serum sample is com- concentration and pH , and optimal separation was obtained 
bined with a solvent comprising 2 : 1 methanol : chloroform ; 65 with 50 mM phosphate buffer , pH 2.5 . In some examples , 
the combined mixture includes one part plasma or serum LPAs were eluted using a 16 : 5 mixture of methanol : phos 
sample and five parts solvent . In certain examples , 0.8 mL phate buffer ( 50 mM , PH 2.5 ) . 
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Several reversed - phase columns were evaluated , and condition associated with aberrant LPA levels . Thus , it is 
C8 - based columns were found to provide superior results . A desirable to have a single probe capable of detecting a 
shorter column ( i.e. , 50 mm vs. 100 mm ) minimized peak plurality of LPA species with equivalent sensitivity . 
broadening and provided a desirably short separation time of Fluorogenic probes commercially available for phospho 
~ 15 minutes . Peak width is a result - effective variable , with 5 lipid detection can be classified as fluorescent lipid analogs . narrower peaks providing better separation ( less diffusion Phospholipid detection is based on the enhancement or and overlap of adjacent peaks ) and allowing a lower detec quenching of fluorescence emission intensity as a result of tion limit due to less dilution of the LPA species . aggregation / de - aggregation between the phospholipid and In some embodiments , the LPA species are detected with 
DiA . DiA is mixed with the eluent exiting the HPLC column the fluorophore . Since this non - specific process is dependent 
( e.g. , via a 3 - way connector or mixing tee ) , and the mixture 10 on the type , length and number of alkyl chains present in the 
then flows into a fluorescence detector . As individual LPA phospholipid ; these probes are not useful for total phospho 
species exit the column , become mixed with DiA , and flow lipid analysis since the fluorescence intensity will vary from 
into the detector , fluorescence increases and the LPA species phospholipid to phospholipid . Thus , if a plurality of phos 
are detected . DiA concentration and flow rate are both pholipids is present , the concentration cannot be accurately 
result - effective variables . Both concentration and flow rate determined based upon the total fluorescence . 
are selected to provide an optimal signal - to - noise ratio with Embodiments of the disclosed fluorogenic compounds are 
a relatively low fluorescence background . In some based on a rhodamine B framework , and are functionalized 
examples , a 10 uM aqueous DiA solution with a flow rate of with a guanidine , biguanidine , guanylurea , or guanylthio 
0.60 mL / minute to 0.65 mL / minute ( e.g. , 0.62 mL / min . ) was urea group . Upon interaction of the guanidine , biguanidine , 
used . The lower limit of LPA detection was determined as guanylurea , or guanylthiourea group with the phosphate 
being the amount of an LPA species that produced a signal- 20 group of a phospholipid , electrostatic interactions will alter 
to - noise ratio of 3 : 1 . Embodiments of the disclosed method the compound's fluorescence . 
have a lower limit of detection of s0.3 uM , such as s0.2 uM 
or 50.1 uM . Solutions of known LPA species can be used to 
determine retention times for identification of peaks . 
LPA species can be quantified by first preparing calibra 

tion curves using standard solutions of LPA species at 
known concentrations . Because DiA fluorescence intensity 
varies for different LPA species at equivalent concentrations , 
a calibration curve is prepared for each species . Once the 
calibration curves are prepared , the concentrations of LPA 
species in an unknown sample can be determined by com- 30 
paring fluorescence intensity of each LPA species to the 
respective calibration curve . 

In certain embodiments , 20 uL of extracted LPAs in 9 : 1 
methanol : water is injected onto a C8 - based HPLC column 
( e.g. , LUNATM C8 column , 50x2 mm , 3 um ) and eluted with Rhodamine B a solvent comprising 16 : 5 methanol : phosphate buffer ( 50 
mM , PH 2.5 ) at a flow rate of 0.32 mL / minute . The distal end 
of the HPLC column is coupled to one inlet of a mixing tee . Some embodiments of the disclosed compounds have a 
An aqueous DiA solution ( 10 uM ) is coupled to a second structure according to general formula I. 
inlet of the mixing tee and set to a flow rate of 0.62 
mL / minute . The combined eluent and DiA solution flows 
through the outlet of the mixing tee and into a fluorescence 
detector . Fluorescence is measured using an excitation 
wavelength of 450 nm and an emission wavelength of 570 

X nm . As each LPA species elutes from the HPLC column and 
flows through the detector , an increase in fluorescence is 45 
observed . 

Identification and quantification of individual LPA species 
can be used to evaluate a subject's risk level of having , or 
developing , a condition correlated with aberrant LPA levels . 
In some embodiments , a subject's risk of having or devel- 50 
oping an LPA - related condition is proportional to the con 
centration of one or more LPA species in the subject's blood . R7 
For example , elevated levels of plasma LPA have been found 
in patients with ovarian cancer . Other conditions associated 
with elevated LPA levels include other cancers ( e.g. breast 
cancer , gynecological cancers ) , cardiovascular disease , 
platelet aggregation , ischemia perfusion injury , wound heal R9 ing , neuropathic pain , neuropsychiatric disorders , reproduc 
tive disorders , and fibrosis . Some conditions are correlated In general formula I , R - R independently are hydrogen , 
with elevated levels of only certain LPA species . Thus , hydroxyl , thiol , lower alkyl , carboxyalkyl , amino , lower determining the presence and concentration of individual 60 alkoxy , or halogen ; RP - Ro independently are hydrogen , 
LPA species may improve diagnosis accuracy . alkyl , acyl , carboxyl , nitro , amino , alkylamino , or SO3H ; 

RT is N CER13 ) NH , N - NH - CE = R13 ) NH , 
V. COMPOUNDS AND METHODS FOR TOTAL NC ( NH ) = NC = R13 ) NH2 , or NNHC ( NH ) 

LPA DETECTION = NC = R13 ) NH2 , where R13 is O , S , or NH ; each R 
65 independently is hydrogen or lower alkyl , or each of R ' , R² , 

In some conditions , total LPA concentration may be RS , and Rómay together with an adjacent R12 and N atom 
predictive of a subject's risk of having , or developing , a form a 6 - membered heterocyclic ring ; and X is O , S , CH2 , 

Jogo COO 

35 

40 
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R 12 R6 R 12 

R12N R 12 

R2 RS 
R3 R4 

RII 

55 R8 R10 
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NH , or SiR14 where R14 is H or lower alkyl . In some R18 is hydrogen , hydroxyl , thiol , lower alkyl , carboxyalkyl , 
embodiments , each R12 independently is methyl or ethyl . In amino , lower alkoxy , or halogen , and the other of R16 and 
certain embodiments , R - R10 are hydrogen . R18 is - N ( R12 ) ,; R - R10 independently are hydrogen , alkyl , 

In some embodiments , the disclosed compounds have a acyl , carboxyl , nitro , amino , alkylamino , or SO , H ; Rl is 
structure according to general formula II . 5 NC ( -R ' ) _ NH , N_NH C? – R ' ) _ NH , NC 

( NH2N - CER13 ) NH2 , or N - NH - C ( NH2 ) N ( II ) CER13 ) NH2 , where R13 is O , S , or NH ; each R12 
independently is hydrogen or lower alkyl , or if R16 is 
-N ( R2 ) 2 , each of R15 , R17 , R20 , and R21 may together with R ? an adjacent R12 and N form a 6 - membered heterocyclic ring ; 
and X is O , S , CH2 , NH , or SiR14 where R14 is H or lower 
alkyl . In some embodiments , each R12 independently is 
methyl or ethyl . In certain embodiments , R2 - R , R7 - R10 , 

RS R15 , R17 , R19 - R21 , and one of R16 and R18 are hydrogen . 
Some embodiments of the disclosed compounds have a 

structure according to general formula IV . 

R17 

R 18 R16 
22 

10 

R12 - ? RIS 

R2 15 

R3 R4 

R11 

R7 ( IV ) 20 

R 12 R R24 R12 

RE R 10 
R 12 R12 

Rº 
25 

17 R2 R23 
R3 R22 

RII 

or 

R8 R10 
R9 
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In general formula II , R ' - R® , R15 , R ?? , and R18 indepen 
dently are hydrogen , hydroxyl , thiol , lower alkyl , carboxy 
alkyl , amino , lower alkoxy , or halogen ; RlS is N ( R12 ) ; R4 

RP - R10 independently are hydrogen , alkyl , acyl , carboxyl , 
nitro , amino , alkylamino , or SOzH ; Rll is NC 30 
GR13 ) NH , N - NH - CER13 ) NH , N — C ( NH ) R7 
EN CERB - NH , - NNH C ( NH , NC 
GR13 ) NH2 , where R13 is O , S , or NH ; each R12 
independently is hydrogen or lower alkyl , or each of R ' , R2 , 
R15 , and R17 may together with an adjacent R12 and N atom 35 
form a 6 - membered heterocyclic ring ; and X is O , S , CH2 , 
NH , or SiR14 where R 14 is H or lower alkyl . In some 
embodiments , each R12 independently is methyl or ethyl . In In general formula IV , R - R4 , R6 , and R22 - R24 independently 
certain embodiments , R - RS , R - R10 , R15 , R19 , and R18 are are hydrogen , hydroxyl , thiol , lower alkyl , carboxyalkyl , hydrogen . 40 amino , lower alkoxy , or halogen ; RP - Rº independently are 
Some embodiments of the disclosed compounds have a hydrogen , alkyl , acyl , carboxyl , nitro , amino , alkylamino , or structure according to general formula III . SOzH ; R11 is N - CER13 ) NH , N - NH - C 

( RINH , N C ( NH ) = NCER13 ) NH2 , 
N - NH - C ( NH ) N_C = R13 ) NH2 , where R13 is O , 

R 12 R20 R17 S , or NH ; each R12 independently is hydrogen or lower 
alkyl , or each of R1 , R2 , R23 , and R24 may together with an 
adjacent R12 and N form a 6 - membered heterocyclic ring ; 
and X is O , S , CH2 , NH , or SiR14 where R14 is H or lower 

50 alkyl . In some embodiments , each R12 independently is 
methyl or ethyl . In certain embodiments , R ' - R4 , R6 , RP - R10 , 
and R22 - R24 are hydrogen . 

R5 Exemplary compounds include , but are not limited to : 

2 

10 

or 

( III ) 45 

| 9 > R 19 R18 R16 R 12–1 
9 

R21 R 15 

R2 

R3 R4 
55 

GRBI 
RII 

R ? 

60 

R8 R 10 

R NH 

-NH2 
3 In general formula III , R2 - RS , R15 , R17 , and R19 - R21 inde- 65 

pendently are hydrogen , hydroxyl , thiol , lower alkyl , car 
boxyalkyl , amino , lower alkoxy , or halogen ; one of R16 and 

HN 
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A sample that may include one or more LPAs is combined 
with a compound according to any one of general formulas 
I - IV in a suitable solvent to form a solution . The solution is 
exposed to a light source , and LPAs , if present , are detected 
by detecting fluorescence of the solution at a suitable 
wavelength . For GRBI and GRBII , an excitation wavelength 
of 550 nm and an emission wavelength of 570 nm may be 
used . Suitable solvents include those in which both the 
compound and the LPAs are soluble . Exemplary solvents 

10 include chloroform / DMSO mixtures , such as mixtures com 
prising 2.5-10 % ( v / v ) DMSO . In certain examples , a sample 
potentially comprising LPAs is combined with a compound 
according to any one of general formulas I - IV in a solvent 
comprising 9 : 1 chloroform : DMSO . Desirably , the com 

15 pound is present in an excess amount compared to the LPAs . 
In some embodiments , the LPA sample is obtained from 

a biological sample , e.g. , plasma or serum obtained from a 
subject at risk of having , or developing , a condition corre 
lated with aberrant LPA levels . The LPA sample may be 

20 prepared from the biological sample using liquid - liquid 
extraction followed by SPE extraction as described herein . 
A calibration curve can be prepared by combining a 

compound according to any one of general formulas I - IV 
with a series of samples having known concentrations of one 
or more LPA species and measuring the fluorescence inten 
sity of each solution . The concentration of LPA in an 
unknown sample is determined by combining the unknown 
sample with the compound , measuring the fluorescence 
intensity , and comparing the fluorescence intensity to the 

30 calibration curve . 

N. 

-NH2 
25 

VI . SAMPLE COLLECTION AND STORAGE 

40 

09 

Embodiments of the methods and compounds disclosed 
35 herein are suitable for detecting LPAs in plasma and serum 

-NH2 , and samples . Blood samples are stored at 4 ° C. before process 
ing , such as for 4-8 hours . An anti - coagulant , e.g. , EDTA , is added to plasma samples before storage to prevent platelet 
aggregation and inhibit cation - dependent lipid enzymatic 
processes . Platelets are removed from plasma samples 
before storage ; otherwise , the platelets may undergo lysis 
and release additional amounts of LPA into the sample . The 
stored samples are centrifuged to remove blood cells before 
analysis . In some embodiments , the sample is centrifuged at 

45 1750xg for 15 minutes at ambient temperature ( ~ 20 ° C. ) . 
-NH2 The supernatant ( plasma or serum ) is stored in low - binding 

siliconized tubes or glass tubes . ( Baker et al . , JAMA , J. Am . 
Med . Assoc . , 2002 , 287 : 3081-3082 ; Xiao et al . , Ann . N. Y. 
Acad . Sci . , 2000 , 905 : 242-259 ; Xu et al . , JAMA , J. Am . 

50 Med . Assoc . , 1998 , 280 : 719-723 ; Yi et al . , Functional Lip Compounds according to general formulas I - IV include a idomics , CRC Press , 2005 , 125-146 ) . Desirably , sufficient lactam ring . When the lactam ring is present , the compound blood is collected to provide a plasma or serum sample with is non - fluorescent . However , when the guanidine group a volume of at least 3.5 mL , or at least 5 mL , such that the interacts with the phosphate group of lysophosphatidic acid , 
the bond between Rll and the upper 3 - ring portion of the sample may be evaluated in triplicate . 
structure is broken and the lactam ring opens , thereby VII . KITS altering electrostatic interactions within the compound , and 
rendering the compound fluorescent . 
Some embodiments of compounds according to general Kits for total LPA quantification are also a feature of this 

formulas I - IV are suitable for universal detection of LPA . In disclosure . Embodiments of the kits include at least one 
other words , substantially the same fluorescence intensity is 60 compound according to any one of general formulas I - IV 
obtained at a given LPA concentration irrespective of the and suitable for detecting LPAs extracted from a sample 
particular LPA species present . In some embodiments , when ( e.g. , plasma or serum ) . In some embodiments , the probe is 
the compound is combined with a sample comprising iso GRBI or GRBII . In some embodiments , the kits also include 
lated LPAs , the fluorescence intensity is stable over time . one or more solvents suitable for detecting fluorescence of 
For example , the fluorescence intensity may remain sub- 65 LPAs when combined with the probe . For example , the kit 
stantially constant for at least 10 minutes , at least 20 may include chloroform and dimethylsulfoxide , or a solu 
minutes , or at least 30 minutes . tion comprising 9 : 1 chloroform : DMSO . 

55 
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The kits also may include one or more containers , such as NMR spectra were recorded on a Bruker spectrometer in 
a disposable test tube or cuvette , in which the detection can CDC1z and DMSO - do solutions , and chemical shifts were 
be performed . In certain embodiments , the compound may reported in 8 units . 
be premeasured into the one or more containers , and the High - resolution ESI / MS spectra were recorded on a Ther 
detection is subsequently performed by adding the solvent ( s ) 5 moElectron LTQ - ORBITRAPTM DISCOVERY® instru 
and test sample to the container ) . ment equipped with an ESI ion mass source . 

The kits may further include instructions for performing 
the detection and , optionally , instructions for extracting Example 1 
LPAs from a biological sample . The kits also may include Extraction of LPAS one or more solid - phase extraction cartridges suitable for the 
extraction , e.g. , one or more C8 SPE cartridges . In certain Several solid supports were initially evaluated in LPA embodiments , the kit further includes one or more control control mixtures containing LPA 14 : 0 , 16 : 0 , 17 : 0 , 18 : 0 , 18 : 1 samples of LPAs . The control samples may be provided in and 20 : 4 . Despite the common use of hybrid Zr and TiO2 solid form or in solution . 15 support cartridges for the recovery and enrichment of phos 

phopeptides and removal of phospholipids from biological VIII . EXAMPLES media , little or no LPA recovery was obtained under all the 
different conditions tested . 

Materials Reversed - phase SPE materials provided better results . 
20 Three different commercial reversed - phase C8 SPE car 

All the lysophosphatidic acids including 1 - myristoyl - 2- tridges , including Waters ( SEP - PAK® Plus C - 8 cartridge , 
hydroxy - sn - glycero - 3 - phosphate ( LPA 14 : 0 ) , 1 - palmitoyl - 2- 200 mg , 37-55 um ) , Supelco ( DISCOVERY® DSC - 8 car 
hydroxy - sn - glycero - 3 - phosphate ( LPA 16 : 0 ) , 1 - heptade- tridge , 3 mL , 500 mg , 50 um ) and Waters ( OASISTM HLB 
canoyl - 2 - hydroxy - sn - glycero - 3 - phosphate ( LPA 17 : 0 ) , cartridge 3 mL , 60 mg , 30 um ) were evaluated . From the 
1 - stearoyl - 2 - hydroxy - sn - glycero - 3 - phosphate ( LPA 18 : 0 ) , 25 evaluated commercial cartridges , the OASISTM HLB car 
1 - oleoyl - 2 - hydroxy - sn - glycero - 3 - phosphate ( LPA 18 : 1 ) and tridge proved to be the best in terms of LPA recoveries . 
1 - arachidonoyl - 2 - hydroxy - sn - glycero - 3 - phosphate ( LPA A liquid - liquid extraction prior to the SPE procedure was 
20 : 4 ) were purchased from Avanti Polar Lipids ( Alabaster , desirable to remove other phospholipids that may interfere 
Ala . , USA ) . 4- ( 4- ( Dihexadecylamino ) -styryl ) -N - meth- with the detection of LPAs . Typical procedures reported in 
ylpyridinium iodide ( DiA ) was purchased from AnaSpec 30 the literature involve acidification of plasma prior to a 
( Fremont , Calif . , USA ) . HPLC grade MeOH was purchased liquid - liquid extraction . However , this procedure gave very 
from Fisher Scientific . Ultra - pure water was obtained from low LPA recoveries and removal of other interferences . 
a MILLI - QTM ultra - pure water system . Phosphoric acid and Control of pH was discovered have an important role 
monosodium phosphate were purchased from Sigma - Al- in selective removal of interferences . Because phosphatidic 
drich ( St. Louis , Mo. , USA ) . Waters OASISTM HLB ( 3 cc , 35 acids have a pKa , = 2.9 and pKaz = 7.5 ( Kooijman et al . , 
60 mg , 30 um ) SPE cartridges were purchased from Waters Biochemistry , 2005 , 44 : 17007 ) , they are negatively charged 
Corporation ( Milford , Mass . , USA ) . at neutral pH . Thus performing liquid - liquid extraction at 

Rhodamine B , Rhodamine B Base , 1,3 - bis - Boc - 2 - methyl- this condition separated neutral and positively charged phos 
2 - thiopseudourea , Sodium methoxide solution ( 0.5 M ) , and pholipids from the negatively - charged LPAs . 
1,3 - bis ( tert - butoxycarbonyl ) guanidine were purchased from 40 Acidification of the aqueous phase at pH 5.0 , 4.0 , 3.0 and 
Aldrich . Anhydrous potassium carbonate and trifluoroacetic 2.5 in the SPE step was evaluated , revealing that lower pH 
acid were purchased from Fisher Scientific . Mercury ( II ) during SPE improved LPA enrichment . The use of MeOH as 
chloride was purchased from Acros Organics . LPA sodium the final solvent allowed the selective elution of LPAs , 
salts were purchased from Avanti . Silica gel was purchased leaving behind the most hydrophobic species . The best 
from Sorbent Technologies . All chemicals were used as 45 recoveries ( 74-100 % ) were obtained at pH 2.5 . 
received without further purification . Recovery tests were performed . Three concentrations 
Instrumentation : including 0.25 uM , 3 uM and 5 uM of each LPA species 

Fluorescence measurements were performed on a Cary mixed in PBS buffer were tested after liquid - liquid extrac 
Eclipse fluorescence spectrophotometer and absorption tion and SPE . Each buffered LPA solution was mixed with 
spectra on a Cary 50 UV - Vis spectrophotometer ( Agilent 50 4 mL of MeOH : CHC1Z 2 : 1 and vortexed at 2000 rpm for 30 
Technologies ) . seconds . The mixture was incubated at 4 ° C. for 20 minutes 

The HPLC system consists of a 1525 binary HPLC and warmed to room temperature . The mixture was then 
delivery system , a 2475 multi lambda fluorescence detector centrifuged at 2000 rpm for 10 minutes , and the upper layer 
( Waters ) . A LUNATM C8 ( 50x2 mm , 3 um ) column con- was separated and extracted with 2 mL PBS ( 10 mM , pH 
nected to a guard cartridge with 2.0 to 3.0 mm internal 55 7.4 ) by vortexing at 2000 rpm for 30 seconds . The aqueous 
diameters was used for all the separations ( Phenomenex ) . phase was separated and washed with 1.33 mL CHC1z twice , 
The reagent is pumped by a reagent manager ( Waters ) . The then acidified to pH 2 with concentrated H3PO4 . An SPE 
post - column reagent and HPLC system are mixed and cartridge was preconditioned with 6 mL of MeOH , followed 
delivered to the detector by a metal mixing tee . The data was by 3 mL of H20 . The sample was loaded to the cartridge and 
collected and processed with the EMPOWERTM software 60 rinsed with 3 mL of H20 and then with 1 mL of CHC13 . The 
suite ( Waters ) . SPE cartridge was dried by applying a N , stream , and LPAS 

For LC / ESI / MS / MS , LPAS were separated in an were eluted with 4 mL of MeOH . The MeOH was evapo 
ACCELA? UPLC system ( Thermo Fisher , San Jose , Calif . ) rated , and the residue was reconstituted in 0.16 mL of 
and detected in an LTQ - ORBITRAPTM XL DISCOVERY® MeOH : H20 9 : 1 . Samples ( 20 uL ) obtained from the SPE 
instrument ( San Jose , Calif . , USA ) , equipped with an ESI 65 purification step were injected and eluted with a mixture of 
ion mass source . The data was collected in negative mode MeOH : phosphate buffer ( 50 mM , PH 2.5 ) 16 : 5 through a C8 
and processed with the XCALIBUR® software suite . column . The end of the column was connected to a mixing 
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tee allowing contact with the post - column reagent solution cardiolipin ( CL ) , it did not exhibit a significant spectral 
( DIA , 10 UM ) . The flow rate of the mobile phase was set to response for LPA . Extending the alkyl chain of NAO to an 
0.32 mL / min and 0.62 mL / min for the post - column reagent . octadecyl chain did not improve LPA detection . Evaluation 
Each concentration was done three times . of the amphiphilic cyanine type probe 4- ( 4- ( dihexadecy 
As shown in Table 1 , the recoveries of LPA 14 : 0 , LPA 5 lamino ) styryl ) -N - methylpyridinium iodide ( DIA ) gave the 

16 : 0 , LPA 17 : 0 , LPA 18 : 0 , LPA 18 : 1 and LPA 20 : 4 are most promising results for LPA detection . As shown in FIG . 
93.45 % , 94.15 % , 85.14 % , 76.87 % , 76.86 % and 73.79 % , 1,3 UM DIA shows an increase in absorbance at 440-450 nm 
respectively . In addition , the contribution of other phospho in the presence of 10 uM LPA 18 : 0 . DIA ( 3 uM ) exhibits 
lipids that have been identified to be present in human weak fluorescence emission at 590 nm ( excitation : 470 nm ) 
plasma was evaluated . These other phospholipids can result 10 in aqueous medium , and upon addition of 10 UM LPA 18 : 0 , 
in potential false positives for LPAs . In general , it is known an increase in fluorescence emission is observed ( FIG . 2 ) . 
that phospholipids are prone to either chemical or enzymatic To determine the linear response of DiA in the presence 
hydrolysis . Phosphatidic acids ( PAs ) hydrolyze producing of LPA , an initial evaluation using LPA ( 18 : 0 ) as the model 
their corresponding LPAs , adding to the apparent LPA compound was carried out using direct fluorescence spec 
concentrations . Due to the acidic conditions in which the 15 trometry . Solutions of increased concentrations ( 0 , 6.25 , 
LPA solid phase extraction was carried out , control experi 12.5 , 18.75 , 25 , 37.5 , 50 , 75 , 100 and 150 ° M ) of LPA ( 18 : 0 ) 
ments were performed to measure at what extent PAs were were prepared in a mixture of MeOH : CHC1Z 1 : 1 . To avoid 
hydrolyzed . The results demonstrated that none of PA 14 : 0 , aggregation of the lipids , films for each concentration tested 
PA 16 : 0 , PA 18 : 0 or PA 18 : 1 was hydrolyzed . Phosphatidyl were prepared by evaporation under an Ar stream , and the 
cholines ( PCs ) represent the major components of biological 20 films were reconstituted in MeOH . Choline chloride ( final 
membranes and are also prone to hydrolysis producing the concentration 6.4 mM ) was added before mixing with DiA 
corresponding lysophosphatidyl cholines ( LPCs ) . It was ( final concentration 2.67 uM ) aqueous solution . Emission 
determined that PCs do not hydrolyze under our enrichment spectra for each solution were collected from 480 to 800 nm 
conditions . On the other hand , LPCs and lysophosphatidyl exciting at 470 nm ( FIG . 3 ) . As shown in the inset of FIG . 
serines ( LPSs ) were found to be potential interferences . 25 3 , the plot of maximum fluorescence emission versus con 
While LPC interference was removed by doing three con centration demonstrated good linear relationship 
secutive liquid - liquid extractions instead of one , the pres ( R2 = 0.997 ) between the fluorescence intensity and LPA 
ence of lysophosphatidyl serines ( LPS ) was determined not ( 18 : 0 ) concentrations ranging from 1 to 16 uM . 
to be significant , since they are usually found at a much LPA Separation : 
lower concentration than LPAs . Other phospholipids includ The common solvent mixtures ( MeOH / H2O , MeCN / 
ing phosphatidyl ethanolamine ( PE ) , phosphatidyl inositol H2O ) used for reversed - phase chromatography were not able 
( PI ) and SIP were also evaluated and found not to be to resolve individual LPA species . From the various buffer 
interferences . systems evaluated , it was found that phosphate buffer gave 

better separation and peak shapes . LPA species separation 
TABLE 1 35 was dependent on buffer pH and concentration . Optimal 

resolution was achieved with 50 mM phosphate buffer pH 
Measured by Measured by 2.5 . The use of mobile phase modifiers , including trifluoro 

HPLC - post column acetic acid ( TFA ) and choline chloride were also evaluated . 
Only choline chloride gave suitable separation , however , it Recovery in Recovery in 

Species control ( % ) ( % ) control ( % ) ( % ) 40 increased significantly both the time of analysis and column 

a 

30 

HPLC - MS / MS 

LPA RSD RSD 

back pressure . 
14 : 0 
20 : 4 
16 : 0 
18 : 1 
17 : 0 
18 : 0 

93.45 
73.79 
94.15 
76.86 
85.14 
76.87 

4.8 
4.3 
5.4 
4.9 
3.8 
4.4 

93.67 
76.60 
95.72 
77.55 
84.97 
73.14 

2.9 
1.2 
4.6 
1.7 
4.6 
2.4 

Several reversed phase columns were evaluated . The best 
results were obtained from C8 - based columns . The DIS 
COVERY® BIOTM wide pore C8 column ( 100x2.1 mm , 3 

45 um ) was able to separate all the LPAs well , but caused very 
high pressure and limited optimization of the composition / 
flow rate of mobile phase , achieving only long analysis 
times ( > 40 minutes ) . The LUNATM C8 column ( 50x2 mm , Example 2 3 um ) allowed an increased flow rate , thereby producing 

50 sharper peaks and significantly reducing the analysis time 
HPLC and Post - Column Procedure for LPA ( ~ 15 minutes ) . The length of the tubing was also important 

Separation and Detection for achieving good peak resolution and lower limits of 
detection . Shorter tubing minimized peak broadening ( and 

LPA Detection : potential overlapping ) due to diffusion as the LPA species 
Fluorescent probes used for post - column detection of 55 flowed through the column . The effect of temperature was 

phospholipids , typically rely on non - covalent interactions of also studied when working with the longer tubing , with no 
the phospholipid with the probe's supramolecular assem- appreciable change in the range 20-60 ° C. 
blies that are solvent dependent . Examples of these probes Detection of Separated LPA Species : 
include 2,5 - bis - 2- ( 5 - tert - Butyl ) benzoxazolylthiophene The 3 - D mode feature in the Waters 2475 fluorescence 
( BBOT ) and 1,6 - diphenyl - 1,3,5 - hexatriene ( DPH ) . Evalua- 60 detector was used to determine suitable excitation and 
tion of BBOT and DPH produced higher fluorescence emis- emission wavelengths for detection . The detector gain was 
sion enhancement for double - chain phosphatidic acids ( PA ) set to 100. The acquisition mode was set to excitation 
compared to single - chain analogues ( lysophosphatidic scanning mode ( 330-530 nm ) while keeping the emission 
acids , LPAs ) investigated herein . Another class of fluores- wavelength constant ( 570 nm ) . 
cent probes with amphiphilic properties was also evaluated . 65 Solutions of DiA with concentrations ranging from 3 to 20 
Although 10 - N - nonyl acridine orange ( NAO ) has been UM were tested and compared . Among them , 10 uM showed 
proposed for the analysis of specific phospholipids like optimal signal - to - noise ratio with a relatively low fluores 
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cence background . Reagent flow rates from 0.15 to 0.70 selected . LPA ( 17 : 0 ) was also used as an internal standard . 
mL / min were tested and compared . Higher flow rates FIGS . 6A - E show calibration curves for the individual LPA 
resulted in higher signal to noise ratios ; however , they also species evaluated with LC / ESI / MS / MS . Acceptable corre 
induced a weaker signal due to excessive dilution of the lation factors ( R3 ) were obtained for all the LPAs ( Table 3 ) . 
sample . The optimal reagent flow rate was found to be 0.62 5 The limit of detection ( LOD ) for each LPA species was 
mL / min . determined as the amount of analyte that corresponds to 
FIG . 4 shows a representative trace for the separation and three times the signal of the background noise 

subsequent detection of LPA 14 : 0 , 16 : 0 , 17 : 0 , 18 : 0 , 18 : 1 and 
20 : 4 with DiA . An LPA mixture ( 10 UM LPA 14 : 0 , 16 : 0 , TABLE 3 
18 : 0 , 18 : 1 , 20 : 4 and 20 uM LPA 17 : 0 as an internal standard ) 10 
was injected in a 20 uL injection loop . Chromatography Linear 

conditions : ( i ) column : LUNATM C8 column , 3 um , 50x2.1 specie ( min ) ( UM ) R ? mm ; ( ii ) mobile phase : MeOH : phosphate buffer ( 50 mM , pH ( UM ) 

2.5 ) 16 : 5 ; ( iii ) flow rate : 0.32 mL / min .; ( iv ) injection vol 0.9982 

ume : 20 uL ; ( v ) sample concentration : 10uM in MeOH : H20 15 20 : 4 0.0099 

9 : 1 ; ( vi ) post - column reagent : 10 UM DIA in H20 ; ( vii ) 
reagent flow rate : 0.62 mL / min ; ( viii ) detection wavelength : 11.22 
ex / em 450/570 nm . 

Mixtures of LPAS ( in MeOH : H2O 9 : 1 ) with concentra 
tions ranging from 0.5-40 uM were evaluated using the same 20 Two blind samples which included some of the LPA 
procedure to determine the concentration range over which subspecies at different concentrations were prepared as 
a linear response was obtained . LPA ( 17 : 0 ) , a non - natural above and tested in triplicate using both the HPLC post 
LPA , was added to these mixtures at a concentration of 20 column method and LC / ESI / MS / MS . The LPA concentra 
uM to act as an internal standard for further quantification . tions were in agreement between the two methods and 
LPA 14 : 0 , LPA 18 : 0 and LPA 18 : 1 demonstrated a linear 25 within acceptable error as compared to the theoretical values 
response throughout this range , while LPA 16 : 0 and LPA ( Table 4 ) . 

range LOD 

14 : 0 0.0067 6.30 
7.55 
8.29 
9.10 

16 : 0 
18 : 1 

0-40 
0-40 
0-40 
0-40 
0-40 

0.9981 
0.9986 
0.9989 
0.9985 

0.0123 
0.0066 
0.0156 18 : 0 

? 

TABLE 4 

Blind A Blind B 

Theo 
retical 
Value 
( UM ) 

Concen 

Theo 
retical 

LC / EST / Value 
MS / MS ( UM ) 

Experimental Concen 
HPLC 

Experimental 
HPLC 

Experimental 

LC / EST / 
MS / MS 

Experimental 

tration ( UM ) % error ( UM ) % error tration ( UM ) % error ( UM ) % error 
3.80 3.72 -2.11 3.81 0.26 

1.20 1.16 -3.33 1.21 0.83 0.80 0.86 7.50 0.72 -10.00 

2.50 2.34 -6.40 2.62 4.80 4.20 4.26 1.43 3.83 -8.81 

LPA 
14 : 0 
LPA 
16 : 0 
LPA 
18 : 0 
LPA 
18 : 1 
LPA 
20 : 4 

0.70 0.66 -5.71 0.71 1.43 

4.90 4.83 -1.43 5.19 5.92 2.20 2.32 5.4.5 2.33 5.91 

50 

Retention 
time LPA 

20 : 4 had a linear response over the range of 0.5-25 uM Example 3 
( FIGS . 5A - 5E ) . Correlation factors ( R2 ) > 0.99 were 
obtained for all of the LPAs ( Table 2 ) . The limit of detection Quantification of LPAs in Commercial Plasma and 
( LOD ) for each LPA species was determined as the amount Commercial LPA Spiked Plasma of analyte that corresponds to three times the signal of the 
background noise . Native LPA concentrations were determined in human 

plasma from 5 different donors . Plasma Source for Donor A : TABLE 2 55 Lyophilized Human Plasma , Sigma - Aldrich ( Catalog # 
Linear P9523 ) . For donors B , C , D , and E , plasma was collected by 

Lampire Biological Laboratories Inc. , from female donors , 
species ( min ) ( UM ) R2 ( UM ) processed to obtain platelet - free plasma , and frozen at -80 ° 

C. ( Catalog # 7303809 ) . 
5.56 The human plasma from these five donors was spiked 

with 0.5 uM of each individual LPA . Then , the individual 
8.35 LPA concentrations of these spiked plasma samples were 

determined . All the samples were analyzed by triplicate 
using both HPLC - post column and LC / ESI / MS / MS meth 

To make a comparison with the HPLC post - column 65 ods . 
method , the individual LPA species also were evaluated with HPLC - post column conditions : Column — reversed phase 
LC / ESI / MS / MS . A concentration range of 0-40 ° M was C8 , 3 um , 50x2.0 mm . Mobile phase methanol : phosphate 

range LOD 

3.50 
60 

14 : 0 
20 : 4 
16 : 0 
18 : 1 
18 : 0 

6.64 

0-40 
0-25 
0-25 
0-40 
0-40 

0.9962 
0.9960 
0.9963 
0.9949 
0.9943 

0.147 
0.161 
0.173 
0.074 
0.272 13.75 
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buffer ( pH 2.5 ) = 16 : 5 . Flow rate 0.32 mL / min . Injection experimental concentration determined for spiked samples 
volume - 20 ul . Sample concentration - 10 uM in MeOH : is in agreement with the actual spiked concentration . ( a ) 
H2O 9 : 1 . Post - column reagent — 10 UM DIA in H20 . HPLC - post column method : 0.406 to 0.595 uM . ( b ) LC / ESI / 
Reagent flow rate 0.62 mL / min . Detection wavelengths : MS / MS method : 0.370 to 0.592 uM . 
ex / em 450/570 nm . FIG . 7 shows typical traces obtained by the HPLC - post 
LC / ESI / MS / MS conditions : Column LUNATM C8 col- column method for a standard LPA mixture and LPAS 

umn ( 50x2 mm , 3 um ) at 40 ° C. Injection volume - 10 uL . isolated from human plasma samples . FIGS . 8A and 8B 
Mobile phase - MeOH : aqueous formic acid ( pH 2.5 ) 9 : 1 . show typical LC / ESI / MS / MS traces of a 10 uM mixture of 
Flow rate of 0.4 mL / min . Parent and daughter ions were standard LPAs ( FIG . 8A ) and a plasma sample from donor 
detected in the negative ion mode , sprayer voltage ; 3.0 kV , 10 A ( FIG . 8B ) . 
capillary temperature at 300 ° C. 

The LPA concentrations determined by these two methods Tables 5A - 5C 
correlate with each other ( Tables 5A - 5C ) . Acceptable stan 
dard deviations ( a ) were obtained for each individual LPA Summary of Results for LPA Analysis in Human 
for all donors : ( a ) HPLC - post column method , o : 0.002- 15 Plasma Using the HPLC Post - Column Fluorescence 
0.091 ; ( b ) LC / ESI / MS / MS method , o : 0.002-0.063 . The and LC / ESI / MS / MS Methods 

a 

TABLE 5A 

Non Spiked 

Donor A Avg ( 0 ) * Donor B Avg ( 0 ) * Donor C Avg ( 0 ) * Donor D Avg ( 0 ) * Donor E Avg ( 0 ) * 

HPLC HPLC HPLC HPLC HPLC 

Post LC / ESI Post LC / ESI Post LC / ESI Post LC / ESI Post LC / ESI 

Column MS / MS Column MS / MS Column MS / MS Column MS / MS Column MS / MS 

LPA 0.90 0.92 0.97 1.03 0.76 0.68 0.24 0.23 0.17 0.18 

14 : 0 ( 0.01 ) ( 0.03 ) ( 0.01 ) ( 0.01 ) ( 0.02 ) ( 0.00 ) ( 0.01 ) ( 0.00 ) ( 0.01 ) ( 0.01 ) 
0.64 LPA 0.63 0.98 0.94 0.21 0.27 0.26 0.28 0.20 0.23 

20 : 4 ( 0.02 ) ( 0.03 ) ( 0.01 ) ( 0.01 ) ( 0.02 ) ( 0.02 ) ( 0..01 ) ( 0.01 ) ( 0.02 ) ( 0.01 ) 
LPA 0.76 0.74 0.96 1.04 0.55 0.42 0.45 0.43 0.29 0.28 

16 : 0 ( 0.03 ) ( 0.01 ) ( 0.02 ) ( 0.02 ) ( 0.01 ) ( 0.04 ) ( 0.03 ) ( 0.01 ) ( 0.00 ) ( 0.02 ) 
1 , PA 0.68 0.65 1.05 1.03 0.37 0.32 0.30 0.38 0.53 0.47 

18 : 1 ( 0.01 ) ( 0.02 ) ( 0.00 ) ( 0.02 ) ( 0.01 ) ( 0.01 ) ( 0.02 ) ( 0.01 ) ( 0.01 ) ( 0.02 ) 
LPA 0.56 0.60 0.99 0.93 0.29 0.23 0.33 0.31 0.33 0.30 

18 : 0 ( 0.02 ) ( 0.01 ) ( 0.01 ) ( 0.01 ) ( 0.03 ) ( 0.01 ) ( 0.02 ) ( 0.00 ) ( 0.00 ) ( 0.01 ) 

Total 3.53 3.56 4.96 4.97 2.18 1.91 1.57 1.63 1.52 1.45 

LPA ( 0.03 ) ( 0.02 ) ( 0.04 ) ( 0.04 ) ( 0.02 ) ( 0.09 ) ( 0.03 ) ( 0.03 ) ( 0.02 ) ( 0.05 ) 

TABLE 5B 

Spiked with 0.5 UM LPA 

Donor A Avg ( 0 ) * Donor B Avg ( 0 ) * Donor C Avg ( 0 ) * Donor D Avg ( 0 ) * Donor E Avg ( 0 ) 

HPLC HPLC HPLC HPLC HPLC 
Post- LC / ESI Post- LC / ESI Post- LC / ESI Post CC / ESI Post- LC / ESI 
Cohmm MS / MS Column MS / MS Column MS / MS Column MS / MS Column MS / MS 

LPA 
14 : 0 
LPA 
20 : 4 
CPA 
16 : 0 
LPA 
18 : 1 
CPA 
18 : 0 

1.31 
( 0.09 ) 
1.09 

( 0.05 ) 
1.19 

( 0.09 ) 
1.18 

( 1.01 ) 
1.06 

( 0.03 ) 

1.33 
( 0.05 ) 
1.06 

( 0.03 ) 
1.19 

( 0.01 ) 
1.10 

( 0.13 ) 
1.05 

( 0.01 ) 

1.43 1..45 
( 0.975 ) ( 0.03 ) 
1.41 1.43 

( 0.976 ) ( 0.01 ) 
1.45 1.60 

( 1.015 ) ( 0.03 ) 
1.47 1.55 

( 1.021 ) ( 0.02 ) 
1.56 1.47 

( 1.097 ) ( 0.01 ) 

1.25 
( 0.02 ) 
0.64 

( 0.01 ) 
1.05 

( 0.05 ) 
0.96 

( 0.05 ) 
0.79 

( 1.01 ) 

1.21 
( 0.04 ) 
0.67 

( 0.05 ) 
0.97 

( 0.04 ) 
0.79 

( 0.06 ) 
0.79 

( 0.02 ) 

0.65 
( 0.02 ) 
0.67 

( 0.01 ) 
0.88 

( 0.02 ) 
0.87 

( 0.02 ) 
0.85 

( 0.02 ) 

0.68 
( 0.02 ) 
0.65 

( 0.04 ) 
0.83 

( 0.04 ) 
0.85 

( 0.03 ) 
0.82 

( 0.01 ) 

0.61 
( 0.02 ) 
0.75 

( 0.01 ) 
0.71 

( 0.00 ) 
0.97 

( 0.02 ) 
0.84 

( 0.01 ) 

0.60 
( 0.00 ) 
0.77 
( 0.01 ) 
0.76 

( 0.01 ) 
1.03 

( 0.00 ) 
0.89 

( 0.00 ) 

Total 
CPA 

5.83 
( 0.22 ) 

5.73 
( 0.11 ) 

7.33 
( 5.102 ) 

7.50 
( 0.08 ) 

4.69 
( 0.08 ) 

4.44 
( 0.12 ) 

3.91 
( 0.03 ) 

3.63 
( 0.12 ) 

3.88 
( 0.04 ) 

4.06 
( 0.01 ) 
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TABLE 5C 

Difference between spiked and non - spiked 

Donor A Exp Avg / Donor B Exp Avg 
Spiked LPA cone ) Spiked LPA cone ) 

Donor C Exp Avg Donor D Exp Avg / 
Spiked LPA cone ) Spiked LPA cone ) 

Donor E Exp Avg 
Spiked LPA cone ) 

HPLC HPLC 
Post- LC / ESI Post 

Column MS / MS Column 
LC / ESI 
MS / MS 

HPLC 
Post 
Column 

LC / ESI 
MS / MS 

HPLC 
Post 

Column 
LC / ESI 
MS / MS 

HPLC 
Post 

Column 
LC / ESI 
MS / MS 

CPA 
14 : 0 
LPA 
20 : 4 
CPA 
16 : 0 
LPA 
18 : 1 
CPA 
18 : 0 

0.41 / 
0.50 
0.471 
0.50 
0.43 / 
0.50 
0.49 / 
0.50 
0.50 / 
0.50 

0.41 / 
0.50 
0.427 
0.50 
0.45 / 
0.50 
0.45 / 
0.50 
0.44 / 
0.50 

0.47 / 
0.50 
0.43 / 
0.50 
0.49 / 
0.50 
0.42 / 
0.50 
0.57 / 
0.50 

0.41 / 
0.50 
0.50 / 
0.50 
0.56 / 
0.50 
0.51 / 
0.50 
0.55 / 
0.50 

0.49 / 
0.50 
0.42 / 
0.50 
0.50 / 
0.50 
0.60 / 
0.50 
0.51 / 
0.50 

0.53 / 
0.50 
0.40 / 
0.50 
0.56 / 
0.50 
0.48 / 
0.50 
0.56 / 
0.50 

0.41 / 
0.50 
0.41 / 
0.50 
0.44 / 
0.50 
0.57 / 
0.50 
0.527 
0.50 

0.46 / 
0.50 
0.371 
0.50 
0.40 / 
0.50 
0.47 / 
0.50 
0.51 / 
0.50 

0.43 / 
0.50 
0.55 / 
0.50 
0.42 / 
0.50 
0.45 / 
0..50 
0.51 / 
0.50 

0.42 / 
0.50 
0.55 / 
0.50 
0.48 / 
0.50 
0.56 / 
0.50 
0.59 / 
0.50 

Total 
LPA 

2.31 / 
2.50 

2.17 / 
2.50 

2.37 / 
2.50 

2.53 / 
2.50 

2.52 / 
2.50 

2.53 / 
2.50 

2.35 / 
2.50 

2.20 / 
2.50 

2.36 / 
2.50 

2.60 / 
2.50 

* Avg .: n = 3 
O = standard deviation 

Example 4 -continued 25 

GRBI Synthesis fos 30 TFA 
DCM 

NH 

The synthetic route for GRBI ( 1- ( 3 ' , 6 ' - bis ( diethylamino ) 
3 - oxospiro [ isoindoline - 1,9 ' - xanthene ) -2 - yl ) guanidine ) is 
described in Scheme 1. Compound 1 can be synthesized in 
4 steps ; starting from the commercially available Rhod 
amine B. Compound 4 was obtained as described with a 
yield of 95 % . The reaction of 4 with 1,3 - bis - Boc - 2 - methyl 
2 - thiopseudourea and HgCl2 produced Boc - protected com- 35 
pound 5 in 90 % yield . Guanidine deprotection was accom 
plished with TFA in DCM , which upon neutralization under 
basic condition gave compound 1 in 60 % yield . 

NH 

Boc 

Boc 

5 

40 
Scheme 1 

45 NaOMe 

MeOH 
NH – NH2 + H2O 

EtOH NH 

mooool 
oby 
re 

50 
NH2 OH 

6 

3 
55 

' S 

Boc Boc 

H 

HgCl2 , Et3N 60 

DMF 
N - NH2 NH 

NH2 
HN 

65 
4 1 , GRBI 
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2 - amino - 3 ' , 6 ' - bis ( diethylamino ) spiro [ isoindoline - 1 , stirred at room temperature for 1 h . The solvent was evapo 
9 ' - xanthen ) -3 - one ( 4 ) rated under reduced pressure , and the resulting solid was 

dissolved in CHCl3 ( 50 mL ) . The organic phase was washed 
To a stirred solution of 3 ( 1 g , 2.1 mmol ) in ethanol ( 60 with NaHCO3 solution ( 25 mL ) and H2O ( 3x25 mL ) . The mL ) at room temperature was added hydrazine monohydrate combined organic phase was dried over anhydrous Na2SO4 . ( 98 % , 0.6 mL , 12 mmol ) , and the mixture was refluxed for 

12 h . After cooling to room temperature , the solvent was After filtration and removal of solvent , the crude product 
evaporated under reduced pressure . The resulting solid was was purified by flash chromatography ( DCM : MeOH = 9 : 1 ) to 
dissolved in CHC1z ( 50 mL ) and the organic phase was afford a purple solid with a yield of 160 mg ( 60 % ) . ' H - NMR 
washed with H2O ( 3x50 mL ) , followed by drying over 10 ( 600 MHz , DMSO ) 8 1.08 ( t , J = 7.0 Hz , 3H ) , 3.30 ( q , J = 7.1 
anhydrous Na2SO4 . After filtration and removal of solvent , Hz , 8H ) , 5.51 ( d , J = 293.9 Hz , 4H ) , 6.27 ( dd , J = 8.9 , 2.5 Hz , 
the crude product was purified by flash chromatography 2H ) , 6.30 ( d , J = 2.5 Hz , 2H ) , 6.56 ( d , J = 7.3 Hz , 2H ) , 6.88 ( d , ( DCM : MeOH = 97.5 : 2.5 ) to afford a yellow oil product with J = 6.9 Hz , 1H ) , 7.42 ( m , 2H ) , 7.71 ( d , J = 6.5 Hz , 1H ) . a yield of 950 mg ( 95 % ) . ' H - NMR ( 600 MHz , CDC13 ) 8 1.16 ( t , J = 7.1 Hz , 12H ) , 3.34 ( q , J = 7.1 Hz , 8H ) , 3.61 ( s , 2H ) , 15 ° C - NMR ( 151 MHz , DMSO ) 8 12.49 , 43.63 , 65.29 , 97.15 , 
6.29 ( dd , J = 8.8 Hz , 2H ) , 6.42 ( d , J = 2.5 Hz , 2H ) , 6.46 ( d , 105.99 , 107.39 , 121.78 , 123.17 , 127.77 , 128.72 , 130.55 , 
J = 8.8 Hz , 2H ) , 7.0 ( m , 1H ) , 7.44 ( m , 2H ) , 7.93 ( m , 1H ) . 131.59 , 147.93 , 152.34 , 152.78 , 158.53 . HR - ESI - MS ( m / z ) 
13 C - NMR ( 151 MHz , CDC13 ) 8 12.75 , 44.51 , 66.04 , 98.12 , 499.2827 [ M + H ] * . 
104.74 , 108.18 , 123.13 , 123.97 , 128.23 , 130.19 , 132.63 , 
149.03 , 151.71 , 153.99 , 166.28 . HR - ESI - MS 
457.2577 [ M + H ] * Example 5 

2 

13 

( m / z ) 20 

25 

( E ) -tert - butyl ( 3 ' , 6 ' - bis ( diethylamino ) -3 - oxospiro 
[ isoindoline - 1,9 ' - xanthene ) -2 - ylamino ) ( tert - butoxy GRBII Synthesis 

carbonylamino ) methylenecarbamate ( 5 ) 
The synthetic route for GRBII ( 3 ' , 6 ' - bis ( diethylamino ) -3 To a stirred solution of 4 ( 290 mg , 0.64 mmol ) , HgCl2 oxospiro?isoindoline - 1,9 ' - xanthene ) -2 - carboximidamide ) is ( 190 mg , 0.70 mmol ) and 1,3 - bis - Boc - 2 - methyl - 2 - thio 

pseudourea ( 188 mg , 0.70 mmol ) in anhydrous DMF ( 10 described in Scheme 2. Compound 2 can be synthesized in 
mL ) under argon was added triethylamine ( 0.45 mL , 3.18 30 4 steps ; starting from the commercially available Rhod 
mmol ) . The resulting suspension was stirred in an ice bath amine B Base . Compound 8 was obtained according to the 
for 2 h , and then at room temperature for 12 h . The mixture procedure described below . Without further purification , the 
was diluted with CHC1z and filtered through a short Celite reaction of 8 with 1,3 - Bis ( tert - butoxycarbonyl ) guanidine 
column . The filtrate was washed with saturated NaHCO3 K2CO3 solution ( 25 mL ) and H20 ( 3x25 mL ) . The combined 35 and K_C0z produced Boc - protected compound 9 in 62 % 
organic phase was dried over anhydrous Na2SO4 . After yield . Guanidine deprotection was accomplished with TFA 
filtration and removal of solvent , the crude product was in DCM , which upon neutralization under basic conditions 
purified by flash chromatography ( EtOAc : hexane = 1 : 2 ) to gave compound 2 in 52 % yield . 
afford a purple solid with a yield of 410 mg ( 90 % ) . ' H - NMR 
( 600 MHz , CDC13 ) d 1.16 ( t , J = 6.9 Hz , 12H ) , 1.37 ( s , J = 9.2 40 
Hz , 9H ) , 1.38 ( s , J = 20.5 Hz , 9H ) , 3.33 ( m , J = 6.8 Hz , 8H ) , 
6.27 ( dd , J = 32.5 , 8.2 Hz , 2H ) , 6.36 ( d , J = 14.9 Hz , 2H ) , 6.77 
( s , 1H ) , 7.10 ( t , J = 7.3 Hz , 1H ) , 7.46 ( m , 2H ) , 7.94 ( t , J = 10.8 
Hz , 1H ) , 9.33 ( s , 1H ) , 11.16 ( s , 1H ) . 13C NMR ( 151 MHz , 
CDC13 ) 8 12.78 , 28.07 , 28.35 , 44.47 , 66.68 , 78.80 , 83.25 , 45 
97.81 , 104.55 , 108.02 , 123.60 , 124.19 , 128.02 , 128.23 , POC13 129.03 , 133.21 , 149.03 , 152.35 , 153.75 , 156.39 , 163.56 . 
HR - ESI - MS ( m / z ) 699.3932 [ M + H ] * . CICH2CH2C1 

Scheme 2 

50 N- ( 9- ( 2- ( 2 - carbamimidoylhydrazinecarbonyl ) phe 
nyl ) -6- ( diethylamino ) -3H - xanthen - 3 - ylidene ) -N 
ethyl - ethanaminium 2,2,2 - trifluoroacetate ( 6 ) 

7 

To a stirred solution of 5 ( 380 mg , 0.55 mmol ) in CH2Cl2 
( 2 mL ) was added slowly a solution of trifluoroacetic acid ( 2 55 
mL ) in CH2Cl2 ( 2 mL ) . Stirring at room temperature was 
continued until the reaction was adjudged complete by TLC 
analysis . Solvent and excess trifluoroacetic acid were evapo 
rated under reduced pressure to afford the trifluoroacetate 
salt as a dark purple solid for the next reaction without 60 
further purification . 

NH 

Boc Boc 
N 

K2CO3 , CH3CN 

1- ( 3 ' , 6 - bis ( diethylamino ) -3 - oxospiro [ isoindoline - 1 , 
9 ' - xanthene ) -2 - yl ) guanidine ( 1 ) 

65 
a 8 To a stirred solution of 6 in anhydrous MeOH ( 3 mL ) , 0.5 

M NaOMe solution ( 3 mL ) was added , and the mixture was 
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Hexane = 1 : 2 ) to afford a yellow solid with a yield of 476 mg 
( 62 % ) . ' H - NMR ( 600 MHz , CDC13 ) 8 1.13 ( t , J = 7.1 Hz , 
12H ) , 1.35 ( s , 9H ) , 1.41 ( s , 9H ) , 3.30 ( m , 8H ) , 6.18 ( dd , 
J = 8.8 , 2.6 Hz , 2H ) , 6.30 ( d , J = 8.8 Hz , 2H ) , 6.35 ( d , J = 2.6 

5 Hz , 2H ) , 7.16 ( d , J = 7.7 Hz , 1H ) , 7.51 ( m , 1H ) , 7.58 ( td , 
J = 7.5 , 1.1 Hz , 1H ) , 7.94 ( d , J = 7.6 Hz , 1H ) , 10.75 ( s , 1H ) . 

DCM 13 C - NMR ( 151 MHz , CDC13 ) d 12.78 , 28.15 , 28.18 , 44.40 , 
68.30 , 78.74 , 81.78 , 97.72 , 106.68 , 107.23 , 123.59 , 125.09 , 
127.65 , 128.75 , 129.20 , 135.16 , 139.08 , 148.97 , 150.16 , 
153.42 , 154.20 , 156.14 , 171.05 . HR - ESI - MS ( m / z ) 
684.3794 [ M + H ] * . 

wa 
02 

TFA 

N Boc 

HN Boc 10 

N- ( 9- ( 2- ( carbamimidoylcarbamoyl ) phenyl ) -6- ( dieth 
ylamino ) -3H - xanthen - 3 - ylidene ) -N - ethyl 
ethanaminium 2,2,2 - trifluoroacetate ( 10 ) 15 

NaoMe 

NH MeOH shi 
To a stirred solution of 9 ( 300 mg , 0.44 mmol ) in CH2Cl2 

( 2 mL ) was added slowly a solution of trifluoroacetic acid ( 2 
mL ) in CH C12 ( 2 mL ) . Stirring at room temperature was 

20 continued until the reaction was determined to be complete 
by TLC analysis . Solvent and excess of trifluoroacetic acid 
was evaporated under reduced pressure to afford the trifluo 
roacetate salt as a dark purple solid for next reaction without 
further purification . 

NH2 

25 
10 3 ' , 6 ' - bis ( diethylamino ) -3 - oxospiro [ isoindoline - 1,9' 

xanthene ) -2 - carboximidamide ( 2 ) 

NH2 
N. 

NH 

To a stirred solution of 10 in anhydrous MeOH ( 3 mL ) , 
30 0.5 M NaOMe solution ( 3 mL ) was added and the mixture 

was stirred at room temperature for 1 h . The solvent was 
evaporated under reduced pressure and the resulting solid 
was dissolved in CHC1z ( 50 mL ) , and the organic phase was 
washed with NaHCO3 solution ( 25 mL ) and H2O ( 3x25 

35 mL ) , the combined organic phase was dried over anhydrous 
Na2SO4 . After filtration and removal of solvent , the crude 

2 , GRBII product was purified by flash chromatography ( DCM : 
MeOH = 9 : 1 ) to afford a purple solid with a yield of 110 mg 
( 52 % ) . ' H - NMR ( 600 MHz , DMSO ) 8 1.09 ( t , J = 7.0 Hz , 

40 12H ) , 3.34 ( 9 , J = 7.1 Hz , 8H ) , 6.42 ( dd , J = 9.0 , 2.6 Hz , 2H ) , N- ( 9- ( 2 - chlorocarbonyl ) phenyl ) -6- ( diethylamino ) 6.45 ( d , J = 2.5 Hz , 2H ) , 6.72 ( d , J = 8.9 Hz , 2H ) , 7.01 ( d , J = 7.8 3H - xanthen - 3 - ylidene ) -N - ethylethanaminium ( 8 ) Hz , 1H ) , 7.58 ( m , 1H ) , 7.68 ( m , J = 1.1 Hz , 1H ) , 7.69 ( bs , 
3H ) , 7.99 ( d , J = 7.7 Hz , 1H ) . 13 C - NMR ( 151 MHz , DMSO ) 

To a solution of 7 ( 500 mg , 1.13 mmol ) in anhydrous d 12.38 , 43.69 , 79.18 , 97.67 , 103.08 , 108.69 , 123.65 , 
1,2 - dichloroethane ( 5 mL ) , was added a solution of phos- 45 124.39 , 124.53 , 127.22 , 129.43 , 136.51 , 149.17 , 151.72 , 
phorus oxychloride ( 0.26 mL , 2.8 mmol ) in 1,2 - dichloro- 153.52 , 153.64 , 169.01 . HR - ESI - MS ( m / z ) 484.2751 
ethane ( 5 mL ) drop wise over 5 min , the mixture was [ M + H ] * 
refluxed for 4 h . After the reaction mixture was cooled to 
room temperature , the solvent was evaporated under Example 6 
reduced pressure to yield rhodamine B acyl chloride without 50 
further purification . LPA Universal Detection with GRBI and GRBII 

E ) -tert - butyl ( 3 ' , 6 ' - bis ( diethylamino ) -3 - oxospiro The spiro guanidine rhodamines GRBI and GRBII were 
[ isoindoline - 1,9 ' - xanthene ) -2 - yl ) methanediylidene- evaluated as universal fluorophores for the detection and 

dicarbamate ( 9 ) 55 quantification of lysophosphatidic acid ( LPA ) . 
LPA14 : 0 , 16 : 0 , 18 : 0 , 18 : 1 were obtained by protonation 

1,3 - Bis ( tert - butoxycarbonyl ) guanidine ( 290 mg , 1.13 of their corresponding sodium salt respectively . 100 mg of 
mmol ) and K2CO3 ( 0.62 g , 4.5 mmol ) were dissolved in LPA sodium salt were dissolved in 15 mL of a solvent 
anhydrous acetonitrile ( 5 mL ) under argon . The crude rho- mixture CHC13 : MeOH ( 2 : 1 ) , followed by the addition of 2 
damine B acyl chloride was dissolved in anhydrous acetoni- 60 mL DI water . After shaking the solution , the phases were 
trile ( 5 mL ) and added drop wise to the solution over 3 h . allowed to separate , and the pH of the aqueous phase was 
After 12 h , the solvent was evaporated under reduced adjusted with 3 M HCl to pH 2.5-3.0 . The organic phase was 
pressure ; the residue was dissolved in chloroform and separated , and the solvent removed under reduced pressure . 
washed with saturated NaHCO3 solution ( 25 mL ) and H2O The fluorescence emission intensity of GRBI and GRBII 
( 3x25 mL ) , the organic phase was dried over anhydrous 65 in the presence of 10 uM LPA16 : 0 in 2.5 % DMSO / chloro 
Na2SO4 . After filtration and removal of solvent , the crude form was evaluated . The final probe concentration was 5 
product was purified by flash chromatography ( EtOAc : uM . An excitation wavelength of 550 nm was used , and 

. 
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fluorescence emission at 570 nm was measured . As shown ( b ) general formula II 
in FIG . 9 , GRBII exhibited greater fluorescence emission in 
the presence of LPA 16 : 0 as compared to GRBI . 

Based on these results ; the performance of the GRBII ( II ) 
fluorophore for LPA detection was further explored . From 5 
the evaluation of a series of solvent systems , as well as LPA 
sample preparation experiments , it was found that GRBII 
gave the same fluorescence enhancement in the presence of 
the individual LPAS ( LPA14 : 0 , LPA16 : 0 , LPA18 : 0 and 
LPA18 : 1 ) included in this study . A DMSO titration in 10 
chloroform showed that a CHC13 : DMSO 9 : 1 mixture gave 
the best results ( FIG . 10 ) . In each case , the LPA concentra R5 
tion was 10 uM , and the final GRBII concentration was 5 
uM . As seen in FIG . 9 , GRBII produced the same fluores 
cence intensity with each of the LPAs , demonstrating that 15 
GRBII can be used as a universal LPA detection agent . 

The fluorescence stability was monitored over time . As R7 

shown in FIG . 11 , fluorescence intensity remained substan 
tially constant over 30 minutes . 

In view of the many possible embodiments to which the 20 
principles of the disclosed invention may be applied , it 
should be recognized that the illustrated embodiments are 
only preferred examples of the invention and should not be 
taken as limiting the scope of the invention . Rather , the wherein : 
scope of the invention is defined by the following claims . We 25 R - RS , R15 , R ?? , and R18 independently are hydrogen , 
therefore claim as our invention all that comes within the hydroxyl , thiol , C - C10 alkyl , carboxyalkyl , amino , 
scope and spirit of these claims . C - Clo alkoxy , or halogen , 

R16 is N ( R12 ) 
We claim : R ? -Rº independently are hydrogen , alkyl , acyl , carboxyl , 
1. A compound according to nitro , amino , alkylamino , or SO2H , 
( a ) general formula I R1 is NCER13 ) NH2 , N - NHC ( = R13 ) NH2 , 

NC ( NH , ) NCR13 ) NH ,, or N - NH - C 
( NH ) = NC = R13 ) NH ,, where R13 is O , S , or 
NH , 

each R12 independently is hydrogen or C - C10 alkyl , or 
each of R ' , R ?, R15 , and R17 may together with an 

X adjacent R12 and N atom form a 6 - membered hetero 
cyclic ring , and 

X is O , S , CH , NH , or SiR14 where R14 is H or C7 - C10 
alkyl ; or 

( c ) general formula III 

R8 R 10 

R ? 

10 

10 

30 

2 

R12 R ! Ro R12 35 

R 12 R12 
9 

R2 R5 40 

R3 R4 

R11 
( III ) 

R7 R12 R20 R17 45 

R 19 R18 R16 R 12 
R8 R10 

R9 R217 R 15 
50 

R2 R5 

R3 R4 

55 R11 10 

R7 
O O 

or 

wherein : 
R - R6 independently are hydrogen , hydroxyl , thiol , 

C7 - C10 alkyl , carboxyalkyl , amino , C7 - C10 alkoxy , or 
halogen , 
R ? -Rº independently are hydrogen , alkyl , acyl , carboxyl , 
nitro , amino , alkylamino , or SO2H , , 

R11 is NC = R13 ) NH2 , N - C ( NH2 ) = N / C 
ER13 ) NH2 , NNHCNH , NC N 

R13 ) NH2 , where R13 is O , S , or NH , or Rll is 60 
N - NH - CER13 ) NH2 , where R13 is O or NH , 

each Rl2 independently is hydrogen or lower alkyl , or 
each of R1 , R2 , RS , and R may together with an 
adjacent R12 and N atom form a 6 - membered hetero 
cyclic ring , and 

X is O , S , CH? , NH , or SiR14 where R14 is H or C , -C10 
alkyl ; or 

R8 R 10 

12 R9 

65 . 

wherein : 
RP - RS , R15 , R ' ?, and R19 R21 independently are hydro 

gen , hydroxyl , thiol , C - C10 alkyl , carboxyalkyl , 
amino , C7 - C10 alkoxy , or halogen , 
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one of R16 and R18 is hydrogen , hydroxyl , thiol , lower 4. The compound of claim 1 , wherein the compound is 
alkyl , carboxyalkyl , amino , C7 - C10 alkoxy , or halogen , 
and the other of R16 and R18 is - N ( R12 ) 2 , 

RP - R10 independently are hydrogen , alkyl , acyl , carboxyl , 
nitro , amino , alkylamino , or -SO H , , SO3H 

Rl is NCR13 ) NH2 , N NHCR13 ) NH2 , 
N C ( NH ) NCER13 ) NH2 , or N_NH C 
( NH3 ) N CER13 ) -NH2 , where R13 is O , S , or 

5 

NH , 10 
NH2 , 1 

2 
HN 

each R12 independently is hydrogen or C - C10 alkyl , or if 
R16 is -N ( R12 ) 2 , each of R15 , R ?? , R20 , and R21 may 
together with an adjacent R12 and N form a 6 - mem 
bered heterocyclic ring , and 

X is O , S , CH , NH , or SiR14 where R14 is H or C , -C10 
alkyl ; or 

( d ) general formula IV 

15 
2 

N. 

20 NH2 
( IV ) 

R 12 R RO R24 R12 09 NH X 
R12 so R 12 

25 

R2 R23 
.N . N. 

R3 R4 R22 

RII 30 
R7 

NH2 

R8 RIO 35 

R9 

S 

wherein : 
R - R4 , R " , and R22 - R24 independently are hydrogen , 40 

hydroxyl , thiol , C1 - C10 alkyl , carboxyalkyl , amino , 
C - C10 alkoxy , or halogen , 

RP - R10 independently are hydrogen , alkyl , acyl , carboxyl , 
nitro , amino , alkylamino , or -SOZH , 

Rll is N CER13 ) NH2 , N - NHC ( = R13 ) NH ,, 
N - C ( NH ) = N / CR13 ) NH2 , or N - NH - C 
( NH ) = NCER13 ) -NH2 , where R13 is O , S , or 

NH2 

45 

NH , 
12 

NH2 

H2 , 

55 NH 

each R2 independently is hydrogen or C - C10 alkyl , or 50 
each of R1 , R2 , R23 , and R24 may together with an 
adjacent R12 and N form a 6 - membered heterocyclic 
ring , and 

X is O , S , CH ) , NH , or SiR14 where R14 is H or C , -C10 
alkyl . 

2. The compound of claim 1 , wherein X is O. 
3. The compound of claim 1 according to : 
general formula I , wherein RI - R10 are H ; 
general formula II , wherein RT - RS ; R - R10 , R15 , R17 , and 

R18 are hydrogen ; 
general formula III , wherein RP - RS ; R - R10 , R15 , R17 , and 

R19 - R21 are hydrogen , one of R16 and R18 is hydrogen , 
and the other of R16 and R18 is —N ( R12 ) 2 ; or 

general formula IV , wherein RP - R4 , R6-10 , and R22 - R24 are 
hydrogen . 

1 

60 
2 

NH2 
N 

? NH2 , 

65 

9 
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-continued -continued 

5 

NH2 

NH , 
N 10 

-NH2 

15 

20 
NH 

NH2 
N -NH2 

25 

30 

NH , 
H2N 

H2N 
35 

-NH , or 

40 

0 , 
H2N 

HN 45 
-NH2 

road 50 

S , 

H2N 55 H2N 

5. A method for quantifying lysophosphatidic acid spe 
cies , comprising : 

combining a sample that may include one or more lyso 
phosphatidic acid species with a compound according 
to claim 1 in a solvent ( comprising dimethylsulfoxide 
in methanol ] to form a solution ; 

exposing the solution to a light source ; 
measuring fluorescence intensity of the solution ; and 
determining , based on the fluorescence intensity , a total 

concentration of lysophosphatidic acid species in the 
sample . 

6. The method of claim 5 , further comprising obtaining 
the sample by extracting lysophosphatidic acid species from 
a sample comprising plasma or serum , wherein the sample 

65 comprising plasma or serum is obtained from a subject 
suspected of being at risk of a condition associated with an 
aberrant LPA level? , the method further comprising deter 

60 

NH 

-NH2 
a 
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mining a risk level for the condition , wherein the risk level 11. The method of claim 6 , wherein the condition is 
is based at least in part on the total concentration of ovarian cancer . 
lysophosphatidic acid species ] . 

7. The method of claim 5 , wherein the compound is 12. The method of claim 6 , wherein extracting lysophos 
phatidic acid species from the sample comprising plasma or 
serum further comprises : 

combining the sample comprising plasma or serum with 
[ a ] an organic solvent ( comprising a C - C10 alkyl 
alcohol and chloroform ] to form a mixture ; 

separating organic and aqueous layers of the mixture ; 
extracting the aqueous layer with a buffer at neutral pH to NH2 form an extracted aqueous phase ; 
mixing the extracted aqueous phase with chloroform ; 
separating chloroform from the extracted aqueous phase 

to form a washed aqueous phase ; 
and fluorescence intensity is measured at 570 nm . adding phosphoric acid to the washed aqueous phase to 

form an acidified aqueous phase ; 8. The method of claim 6 , wherein the condition is cancer , 
cardiovascular disease , platelet aggregation , ischemia per- 20 loading the acidified aqueous phase onto a solid - phase 
fusion injury , neuropathic pain , a neuropsychiatric disorder , extraction ( SPE ) cartridge including a stationary phase 
a reproductive disorder , or fibrosis . comprising silica derivatized with hydrocarbon chains ; 9. A kit for detecting and quantifying lysophosphatidic flowing water and subsequently chloroform through the acid , comprising at least one compound according to claim SPE cartridge ; 1 . 

10. The kit of claim 9 , wherein the compound is drying the SPE cartridge ; and 
flowing a C , -C10 alkyl alcohol through the SPE cartridge , 

thereby eluting lysophosphatidic acid species in the 
C2 - C10 alkyl alcohol from the SPE cartridge . 

13. The compound of claim 1 , wherein R13 is NH . 
14. The method of claim 12 , wherein extracting lysophos 

phatidic acid species from the sample comprising plasma or 
serum further comprises : 

a chromatographic separation to measure levels of total 
-NH2 LPA and individual LPA subspecies . 

15. The method of claim 14 , wherein the chromatographic 
separation is performed using a reversed - phase high - per 
formance liquid chromatography column . 

16. The method of claim 5 , wherein the solvent comprises 
dimethylsulfoxide in methanol . 

17. The method of claim 6 , further comprising determin 
ing a risk level for the condition , wherein the risk level is 

NH2 based at least in part on the total concentration of lyso 
phosphatidic acid species . 

18. The method of claim 12 , wherein the organic solvent 
comprises a C , -C10 alkyl alcohol and chloroform . 
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