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Abstract

Lipid peroxidation has been implicated in the pathophysiological sequelae of human neurodegenerative disorders. Itis recognized that quan-
tification of lipid peroxidation is best assessed in vivo by measuring a series of prostaglandin{&éxBmpounds termed,Hsoprostanes
(IsoPs) in tissues in which arachidonic acid is abundant. Unlike other organs, the major polyunsaturated fatty acid (PUFA) in the brain is
docosahexaenoic acid (DHA, C22:66), and this fatty acid is particularly enriched in neurons. We have previously reported that DHA
undergoes oxidation in vitro and in vivo resulting in the formation of a serieg-td¢P-like compounds termed+heuroprostanes (FNPSs).
We recently chemically synthesized ongWP, 17-F-NP, converted it to atfO-labeled derivative, and utilized it as an internal standard to
develop an assay to quantify endogenous production-&ffs by gas chromatography (GC)/negative ion chemical ionization (NICI) mass
spectrometry (MS). The assay is highly precise and accurate. The lower limit of sensitivity is approximately 10 pg. LevBIB®friFbrain
tissue from rodents were B+ 2.0 ng/g wet weight (meag: S.D.). Levels of the E-NPs in brains from normal humans were found to be
4.9+ 0.6 ng/g (meant S.D.) and were 2.1-fold higher in affected regions of brains from humans with Alzheimer’s difeas©.02). Thus,
this assay provides a sensitive and accurate method to assess oxidation of DHA in animal and human tissues and will allow for the further
elucidation of the role of oxidative injury to the central nervous system in association with human neurodegenerative disorders.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction erative diseases is an area of particularly intense research
efforts[5,6]. However, the paucity of accurate and sensitive
Excessive production of free radicals derived primarily methods to assess oxidative damage to the central nervous
from molecular oxygen (oxidant stress) has been implicated system has hindered progress in this field. Lipid peroxida-
in the pathogenesis of a wide variety of human disorders tion is a known consequence of oxidant stress, and levels of
[1-4]. The role that oxidative injury plays in neurodegen- various lipid peroxidation products such as malondialdehyde
and 4-hydroxynonenal are elevated in several neurodegen-
Abbreviations: PUFA, polyunsaturated fatty acid; PG, prostaglan- eratl\,/e dlsorde_rs, mCIUdmg Alzheimer’s, Parkinson’s, and
din; IsoP, isoprostane; PFB, pentafluorobenzyl; AAPH,’-azbis- Huntington’s diseasef$—7].
(2-amidinopropane) hydrochloride; BSTFA,O-bis(trimethylsilyl)-tri- Polyunsaturated fatty acids (PUFAs) are highly suscep-
fluoroacetamide; NP, neuroprostane; GC, gas chromatography; MS, massgiiple to oxidation and are enriched in brain tissi#9].
spegtrometry; NICI, negative ion chemical ionization; SIM, selected ion Previously, we described that a group of prostaglandin
mcin'tormg . , , (PG)R-like compounds, termed oHsoprostanes (IsoPs)
Corresponding author. Tel#1-615-343-1124; ; Lt - . !
fax: +1-615-322-36609. are formed in significant amounts in vivo as products of
E-mail address:Jason.Morrow@vanderbilt.edu (J.D. Morrow). the free radical-catalyzed peroxidation of arachidonic acid
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(C20:4»-6) [10,11] Arachidonate is present ubiquitously which likely represent a global measure of oxidant status
in tissue phospholipids and other lipid stores and is one of in the central nervous systefd5]. Fig. 1 illustrates the
the most abundant fatty acids in most organs in animals andstructure of -NPs formed from the oxidation of DHA. As
humang12]. Over the past 10 years, considerable evidence is evident, eight regioisomers are formed, each consisting
has accumulated showing that the measurement-¢ddPs of eight racemic diastereomers for a theoretical total of 128
is arguably the most accurate index of oxidative stress different compounds.
in vivo in a wide variety of tissues and body fluifts3]. Previously, we had developed an assay to quangif{Ps
Sensitive methods utilizing a variety of mass spectromet- utilizing a modification of the method we employ to measure
ric approaches to detecb#soPs in tissue and fluids have F»-IsoPs[14,29] While this approach appears to produce
been developefll1,13] While immunoassays also exist to reasonably reproducible results, assay variability was often
measure I1soPs, they are considerably less rel{@ddp greater thant-15% depending on the biological sample an-
Unlike other tissues, the brain contains significant alyzed. This is likely attributable to several causes. The first
amounts of the PUFA, docosahexaenoic acid (DHA; is that the B-IsoP, H4]15-For-IsoP (8-iso-PGkw), is uti-
C22:6»-3) [8,9]. DHA is particularly enriched in neuronal lized as an internal standard to quantify NPs. While this IsoP
membranes where it accounts for 25-35% of total fatty acids is structurally similar to NPs, the former is more polar and
in gray matter. We have previously reported that DHA, like likely has different extraction and chromatographic charac-
arachidonic acid, can undergo oxidation in vitro and in vivo teristics compared to NPs, potentially reducing the accuracy
resulting in formation of a series obHsoP-like molecules  of the method to quantify NPs from sample to sample. In
termed R-neuroprostanes (NPs) (14). Quantification of addition, measurement of NPs utilizing the assay previously
these compounds appears to provide a highly sensitive in-developed is based on the quantification of the peak areas
dex of oxidative neuronal injury in contrast to the IsoPs, of multiple compounds eluting from the gas chromatograph
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Fig. 1. 4-NPs formed via the peroxidation of DHA by reactive oxygen species (ROS). Eight regioisomers are formed, each consisting of eight racemic

diastereomers. For simplicity, stereochemistry is not shown.
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Fig. 2. Structure of the 17-series NP, 14-NP, that was synthesized
and converted to af®O-labeled internal standard for use in this assay.
Arrows indicate’80 atoms. Stereochemistry at each of the chiral carbon
atoms is as noted.

over approximately a 1.5-2 min interval, resulting in the po-
tential for co-eluting compounds that are not NPs to inter-
fere with NP quantificatiofil4]. Thus, we sought to develop

97

a Hewlett-Packard HP5989A GC/MS instrument interfaced
with an IBM Pentium Il computer system. GC was per-
formed using a 15 m, 0.25 mm diameter, Ou28 film thick-
ness, DB1701 fused silica capillary column (Fisons, Fol-
som, CA). The column temperature was programmed from
190 to 300°C at 15°C/min. Methane was used as the carrier
gas at a flow rate of 1 ml/min. lon source temperature was
250°C, electron energy was 70 eV, and filament current was
0.25mA. For analysis, compounds were dissolved ipll0
of undecane which was dried over a bed of calcium hydride.

2.3. Statistical analyses

Data were analyzed using GraphPad Prizm software. Sta-
tistical analysis was done using Studemttest, and® values

a new assay for NPs that, like the old assay, allows for the were considered significant 0.05.

simultaneous processing of a number of samples.

Recently, one of us developed a facile method to syn-

thesize F-ring NP§16]. The first of these compounds syn-
thesized is shown ifrig. 2 Based upon the nomenclature,

2.4. Oxidation of DHA

Five milligrams of fresh DHA was dissolved in

we have previously published (which is analogous to that 100ul ethanol and added immediately to 4.9ml of

nomenclature used to hame-EoPs) and which has been

phosphate-buffered saline solution (pH 7.4) containing

accepted by the Eicosanoid Nomenclature Committee sanc-10mM AAPH. The DHA oxidation reaction mixture was

tioned by the Joint Committee on Biological Nomenclature
of IUPAC, this molecule is termed 174&NP, in that it con-

incubated in a shaking water bath at °&7 for varying
amounts of time, after which it was placed immediately at

tains a hydroxyl group at carbon 17, an F-type prostanoid _go°C until further processed.

ring, four double bonds, ands sidechain stereochemistry
[17]. In addition, the stereochemistry at each of the chiral
carbon atoms is as noted Fig. 2 The synthesis of this

molecule was, in part, undertaken to enable the develop-

2.5. Preparation of80,-labeled 17-&.-NP

Unlabeled 17-k-NP was chemically synthesized by one

ment of a mass spectrometric assay based on stable isotopgf us (J.C.) as reportefl6]. The structure of 17-k-NP
dilution methodology. The method of assay that has beenwas confirmed using MS and nuclear magnetic resonance.

developed is described herein.

2. Experimental

2.1. Materials

Docosahexaenoic acid, pentafluorobenzyl (PFB) bro-

mide and diisopropylethylamine were obtained from
Sigma (St. Louis, MO). Dimethylformamide, and un-
decane were obtained from Aldrich (Milwaukee, WI).
2,2-Azobis-(2-amidinopropane) hydrochloride (AAPH)

Unlabeled 17-k-NP was subsequently converted to an
180,-labeled derivative for use as an internal standard by
the method of Murphy and Clay involving successive steps
of methylation and alkaline hydrolysis with ¥80OH [18].
This yielded an internal standard with an unlabeled blank
of 15 parts per 1000 when analyzed by GC/NICI MS.
[1804]17-F4c-NP was present at 190 parts per 1000. The
fraction of labeled molecules remained unaltered when the
labeled standard was subjected to the full assay procedure.
The 180,-labeled 17-series /NP was standardized by
GC/MS in comparison to deuteriated 15-#s0P (8-iso
PGFRa) that had been accurately quantified by weight. The

was obtained from Eastman Kodak Co. (Rochester, NY) and ionization efficiencies of these two compounds during NICI

N,O-bis(trimethylsilyl)-trifluoroacetamide (BSTFA) was
obtained from Supelco Inc. (Bellefonte, PA). C18 and silica

MS are very similar with theM — 181 [M — CH2CgFs]
ion for 15-F-IsoP and 17--NP comprising greater than

Sep-Paks were purchased from Waters Associates (Milford,95% of the fragment ions.

MA). TLC was performed on silica gel 60ALK6D plates
(Whatman International Ltd., Maidstone, UK). Docosahex-
aenoic acid was from Nu-Chek Prep Inc. (Elysian, MN).

2.2. Mass spectrometry

2.6. Purification and analysis offNPs from tissue

Fig. 3 summarizes the purification and derivatization
scheme for the analysis offNPs. The assay can be utilized
to quantify either E-NPs in the free form in a biologi-

Gas chromatography (GC)/negative ion chemical ioniza- cal fluid or compounds that are present esterified in tissue

tion (NICI) mass spectrometry (MS) was performed using

lipids and are then hydrolyzed. The majority of analyses
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Biological fluid or hydrolyzed tissue extract; acidify to pH 3; add ['®O,] 17-F,.-NP internal
standard

!
C,s and Silica Sep-Pak extraction

!

Formation of PFB esters

!

TLC of F,-NPs as PFB esters

!

Formation of trimethylsilyl ether derivatives

!

Quantification by selective ion monitoring GC/NICI MS

Fig. 3. Scheme for purification, derivatization, and analysis NPs.

that we have performed are in brain and thus the workup form/ethanol (90:10, v/v). The TLCis runto 15 cm. Approx-

of F4-NPs from this tissue is utilized to summarize the imately 2-5mg of the methyl ester of 1%FNP is chro-

assay method. However, this method can be applied to anymatographed on a separate lane and visualized by spraying

DHA-containing tissue (e.g. liver, heart, or other tissues) or with a 10% solution of phosphomolybdic acid in ethanol

fluid (cerebrospinal fluid, plasma, or urine). followed by heating. Compounds migrating in the region
A sample of tissue (e.g. brain; 75-300mg) is homoge- from immediately below to 2cm above the methyl ester of

nized in 5ml ice-cold chloroform:methanol (2:1, v/v) con- 17-F-NP are scraped and extracted from the silica gel with

taining BHT (0.005%) to prevent autooxidation and placed 1 ml ethyl acetate. This TLC cut is much narrower than

at room temperature with occasional shaking for 1 h. Two that reported previously, and allows a more selective iso-

milliliters of 0.9% NacCl is then added, the sample is then lation of NP isomers co-eluting with thé80,]17-F4c-NP

vigorously shaken and centrifuged, and the aqueous and prointernal standard than the previous assay. The ethyl ac-

tein layers removed. The sample is dried under a streametate is dried under nitrogen and-NPs are converted to

of nitrogen, and resuspended in 2ml methanol containing trimethylsilyl ether derivatives by adding 20 BSTFA and

BHT. Esterified B-NPs in phospholipids are hydrolyzed us- 10wl dimethylformamide and incubating at 4G for 5 min.

ing chemical saponification by adding 2ml 15% aqueous The reagents are dried under nitrogen apd\IPs are redis-

potassium hydroxide. The sample is acidified to pH 3 with solved in 1Qul of undecane for analysis by GC/MS.

1M HCI and diluted to 25 ml with pH 3 bD. One nanno- The major ion generated in the NICI mass spectrum of

gram of the $20,]17-F4-NP standard is then added to mix- the pentafluorobenzyl ester, tris-trimethylsilyl ether deriva-

ture. For the measurement of freg-NPs in a biological tive of F4-NP is m/z 593, which represents th&f — 181

fluid, the extraction and hydrolysis steps are omitted and the (M — CHoCgFs) carboxylate anion. Th&0,-labeled inter-

sample is simply acidified, diluted, and the internal standard nal standard generates an analogous iom/2at597. Quan-

added as noted. tification of endogenousyNPs is accomplished by selected
The mixture is subsequently vortexed and applied to a ion monitoring (SIM) comparing the ratios of the integrated

C18 Sep-Pak column preconditioned with 5ml methanol areas of the appropriate peakswg593 SIM chromatogram

and 5ml of water (pH 3). The column is washed sequen- to that of large peak in thevz 597 SIM chromatogram. The

tially with 10 ml of water (pH 3) and 10 ml heptanes-NPs recovery of 17-g.-NP through the assay is approximately

are eluted with 10 ml ethyl acetate/heptane (50:50, v/v). 20-30%.

The ethyl acetate/heptane eluate from the C18 Sep-Pak is

then dried over anhydrous NaQ, and applied to a silica

Sep-Pak preconditioned with ethyl acetate. The column is 3. Results

washed with 5 ml of ethyl acetate/heptane (75:25, v/v) and

F4-NPs are eluted with 5ml ethyl acetate/methanol (50:50, 3.1. Assay results

v/v). The ethyl acetate/methanol eluate is evaporated un-

der a stream of nitrogen4MNPs are converted to pentaflu- A representative SIM chromatogram obtained from the

orobenzyl esters by treatment with a mixture ofpdCof analysis of basal ganglia brain tissue from a normal mouse

10% pentafluorobenzyl bromide in acetonitrile andu20  is shown inFig. 4. At the bottom is thenw/z 597 SIM chro-

of 10% N,N-diisopropylethylamine in acetonitrile at 4C matogram representing th&®D,]17-F4.-NP internal stan-

for 20 min. The reagents are dried under nitrogen and the dard. In the uppem/z 593 chromatogram, several peaks are

residue subjected to TLC using a solvent system of chloro- present that represent putative NP regioisomers eluting from
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m/z 593
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Fig. 4. Analysis of E-NPs using GC/MS in basal ganglia brain tissue from a normal mouse.

the GC over a 30s interval. The identification of all of the area of the internal standard peak. As is evident, the major
compounds represented in these peaks,adfs was con-  chromatographic peaks elute before the 3&RP internal
firmed using a variety of chemical and mass spectrometric standard and endogenous 14-NP, while present, is likely
approachegl4]. First, no peaks were present wharz592 a less abundant component of-NPs generated in vivo.
was monitored, indicating that the/z593 peaks were not  This would be predicted based upon DHA peroxidation
natural isotope peaks of compounds generating an ion ofmechanisms that we have studied and which are discussed
less than 593 Da. When the compounds were analyzed adelow. Further separation of various NP isomers is not
[2Hg]trimethylsilyl ether derivatives, then/z593 peaks all possible using the chromatographic methods employed in
shifted up 27 Da, indicating the compounds all have three this assay. The amount ofifNP represented by the starred
hydroxyl groups. When the compounds were analyzed fol- (*) peak areas in thewvz 593 chromatogramHg. 4) is
lowing catalytic hydrogenation, there was a disappearance 0f9.39 ng/g wet brain tissue.
them/z593 peaks and the appearance of new intense peaks
8 Da higher am/z601 Da. No peaks were detectednalz 3.2. Assay parameters and validation
599 or 603, indicating that all of the compounds contained
four double bonds. Collectively, these results indicated that Quantificaton of E-NPs is based on the intensity of the
the compounds represented by tinéz 593 peaks contain  starred {) peaks shown ifrig. 4. The lower limits of detec-
the same functional groups and number of double bonds ex-tion (signal to noise ratio of approximately 4:1) of-NPs is
pected for g-NPs. Finally, we have also previously provided in the range of 10 pg. Several procedures were performed to
evidence for the identification of these compoundsabBlPs establish the accuracy of this assay. Initially, a standard curve
employing GC/electron ionization mass spectromgtdj. was constructed by adding varying amounts of unlabeled
For quantification purposes, we measure NPs that com-17-F4-NP to a fixed quantity of 1 ng offf05]17-Fsc-NP
prise the majority of compounds and elute from 6.0 to and the measured ratio nf/z593-597 to the expected ratio
6.4 min. These are denoted by the starr§do@r above the  compared Fig. 5A). This standard curve was found to be
chromatographic peaks. The area of the entire set of peakdinear over a 100-fold concentration range. A larger linear
beneath the starred)(bar is integrated and compared to the range was arbitrarily not tested using purified NP.
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Fig. 5. Standard curves for the analysis qfMPs by GC/MS. Increasing amounts of (AfQ,]17-F4-NP, and (B) B-NPs generated in vitro from the
peroxidation of DHA were added to 1 ng ofD,]17-F4-NPs and assayed fofNPs. The amount of eithet§0,]17-F4c-NP or Fy-NPs formed from

the peroxidation of DHA that was added to the internal standard is plotted oxakis against the amount ofyfNP detected using the assay is shown

on they-axis. The data are expressed as me&iE., n = 3 replicate aliquots per condition. The linear equations describing the standard curves are (A)
y = 1.02x 4 0.03; 72 = 0.99 and (B)y = 0.92x + 0.08; > = 0.99.

Since this assay is utilized to measure a complex mix- pounds that are formed has proven invaluable to advancing
ture of F4-NPs, a second standard curve was constructedour understanding of arachidonate oxidatj@f,11]
by adding increasing amounts of-NPs generated from
the peroxidation of DHA in vitro to a known amount of 3 3. Formation of F-NPs from the oxidation of DHA in
[180,]17-F4c-NP (between 0.5 and 2 ng, depending on the vitro
amount of B-NPs generated from DHA that were added).

Again the measured ratio ai/z593-597 to the expected ra- | order to demonstrate the ability of this assay to detect
tio was comparedHig. 5B). The standard curve was found jncreases in NP levels with increased oxidative stress,
to be linear over a 1000-fold concentration range. the time course of NP formation during DHA oxidation

Experiments were then carried out to establish the pre-\yas assessed. DHA was oxidized as described, and aliquots
cision and accuracy of the assay. Precision was first mea-of the reaction mixture were taken at time 0, 3 and 8h and
sured by analyzing four aliquots offNPs generated from  measured for ENPs. The results are shownfig. 6. As is
the oxidation of DHA in vitro. The mean of three replicate  evident, B-NPs increased over 6-fold after 8 h of oxidation.
measurements of the ratio oflz 593-597 was found to be
+3% at an anaylate level of 0.32 ng. Additionally, assay pre-
cision was determined usinggfNPs isolated from mouse
brain tissue and the mean of four replicates was found to
be +8.9% (see section 3.7 below). By comparison, utilizing
the previous assay methods that we have repdti€ld pre-
cision quantifying E-NPs in the same mouse brain tissue
was=+19.5%.

Accuracy was then assessed usingNP aliquots de-
rived from the DHA oxidized in vitro. For this, 0.5ng of 150 4
[160,5]17-F4c-NP was added to approximately 0.5ng of
F4-NPs derived from the oxidation of DHA and 0.5ng
[180,]17-F4c-NP. The amount of endogenous-RPs mea-
sured was subtracted from the total measured and the
accuracy of the assay to quantify the added 0.5ng of
[160,]17-F4c-NP was calculated. The accuracy was found
to be 97%. It should be noted that the assay described
herein measures only part of NPs that are formed from the
oxidation of DHA in vitro and in vivo, since a portion of 0 . .
the compounds are excluded during TLC purification. This 0.0 25 5.0 75 10.0
does not detract, in any way, from the utility of this method time (hrs.)

t(_) accurat_ely _asses_s _NP formation and DH_A oxidation in Fig. 6. Time course of formation ofs/A\Ps during peroxidation of DHA
vitro and in vivo. Similar methods to quantify ISOPs that i, yitro using AAPH. The data are expressed as mes®E., n = 3
measure several isomers as opposed to the myriad of comreplicate aliquots per condition.

3.4. Levels of [-NPs in brain of mice

Mouse models provide an important tool to study the im-
pact of various genotypic and phenotypic alterations associ-
ated with certain human neurodegenerative disorideis].

100 A

50

F4-NP (ng/mg DHA)
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In order to examine the role of lipid peroxidation, and in par- 4. Discussion

ticular NP formation, on neurological dysfunction in mice,

it is necessary to be able to accurately quantify these com- Oxidative stress has gained increasing attention as one
pounds in brain tissue and establish normal values. Youngmechanism that contributes to the development and progres-
(<1 month old) C57BI/6 mice were sacrificed by isoflurane sion of important neurodegenerative disedSeg], creating
intoxication and cervical dislocation, and cerebral hemi- a need for accurate methods to assess free-radical mediated
spheres were removed with the cerebellum dissected awaydamage to neural tissue. The quantification of lipid peroxida-
F4-NPs were then quantified as described. MS tracings ob-tion provides as attractive means of assessing such damage,
tained were virtually identical to that obtained for human as the brain is rich in highly-oxidizable lipids. Nonetheless,

brain (vide infra, data not shown). The averageNP con- a reliable method to quantify lipid peroxidation in vivo has
tent of these mouse cerebral hemispheres was 8.0 ng/g been elusive. Measuring lipid peroxidation products such as
wet tissue weight( = 4). malondialdehyde and 4-hydroxynonenal has provided some

insights into the role of oxidant stress in central nervous
system dysfunction, but the quantification of these products
in complex biological fluids and tissues is often unreliable
[5-7,21] The measurement obHsoPs, a family of PG-like
molecules formed from the free radical-mediated peroxida-
. : ; X X X .~ "~ tion of arachidonic acid, has emerged as the gold-standard
stress in certain brain regions of patients with Alzheimer's method for quantification of lipid peroxidation in various

disease[5—7]: we have' pre:\viously found that levels of ioq 65 in which arachidonate is one of the most abundant
F4-NPs are increased in hippocampal and temporal lobe PUFASs presenfL3]

brain tissue and cerebrospinal fluid from Alzheimer’s dis- Unlike other organs, the primary PUFA in the brain
ease patientfl4,19,20] For those studies, we utilized an is DHA and we have |5reviously shown that oxidation of

assay employing an IsoP internal standard. For the reasongy generates a series obfFsoP-like compounds termed

gited pretvic:ustlk):, th:jl?t‘ssilﬁtri]s probably not idealt. Igr(])rde'r tf[’ F2-NPs[14]. We have reported that NPs appear to provide
emonstrate the ability of th€ new assay reported Nerein 10, " sengitive index of oxidative neuronal injury owing to

detect increases im_;FNPs_ in AI_zheimer’s disease pati_ents, the fact that DHA is concentrated in neurdas]. Indeed,
levels were determined in brain samples from Alzheimer’s F,-NP levels have been found to be elevated in human
disease patients and norm_al humans who died of Causes_unheurodegenerative diseases such as Alzheimer's diseases
related to neurodegenerative diseases. For each analysis, ﬁ9] and multiple mouse models of neurologic disease
250 mg section O.f tempora_ll lobe tissue was d'SSECtE_}d_ f_romincluding viral encephaliti§22], apoE-null genotyp¢l5],
post-mortem brains of patients with or without a definitive nd endotoxin-induced cerebral inflammat[as]

diagnosis of Alzheimer’s disease. Tissue was harvested anda The previous assay we had developed for NPs Was rea-

flash lfrozen in "quid N Witlhin 5h ofddeath. Thr(]ase tis.Tue sonably accurate although the reliability varied depending
samples were subsequently assayed NPs. The results on the type of biological sample analyzed. This diminished

are shown irFig. 7. Temporal lobe tissue from Alzheimer’s our enthusiasm re . : e
. . : ) garding the widespread applicability of
disease patients contained 2.1 fold highgP levels (10.4 the method. The significant variability of the former as-

+ 2.8 ng/g wet tissue weight_) than did control tissue #.9 say is likely due to two factors; the use of an-IEoP,

0.6ng/g,P = 0.02,n = 4 brain samples for both groups). [2H4]15-F>-IsoP, rather than ang/AP as an internal stan-
dard, and the wide TLC cut employed which results in the
potential for co-eluting compounds that are not NPs to in-

3.5. Levels of -NPs in brain samples from normal
humans and Alzheimer’s disease patients

A number of studies have reported increased oxidative

15 terfere with NP quantificatiofiL4,29]
™ The development of a facile chemical synthesis for one
7 NP, 17-R-NP, has allowed us to develop a new assay for
2 104 the K-NPs utilizing this compound as afO-labeled in-
o ternal standardl6]. The assay is both highly sensitive and
= accurate. As illustrated ifrig. 4, the starred*) group of
o peaks in them/z593 chromatogram eluting over approxi-
z 57 mately 20-25 s are utilized to quantify thg-NPs. We have
w shown that thewz 593 peaks eluting over this time frame
contain three hydroxyl groups and four double bonds, and
0- have previously demonstrated that these compounds con-

Control AD tain a prostanoid F-ring, indicating that they are indeed
Fig. 7. Fa-NP levels in post-mortem temporal lobe tissue from Alzheimer's F4-NPs[14]. The substitution of the'f0,]17-Fac-NP for the

2 . g
disease patients vs. controls. The data are expressed as #n&ifs [ H4]15'_F2t'|30P standard allows a significantly narrower
n = 4 separate brain samples per conditibR.= 0.02. TLC region to be analyzed forsANPs that coelute with the
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internal standard. This yields a GC/MS chromatogram con- of oxidant stress and NP formation in the pathophysiology
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