This article was downloaded by:

On: 24 January 2011

Access details: Access Details: Free Access
Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

URNAL OF Journal of Liquid Chromatography & Related Technologies
Ll OU_ 1D Publication details, including instructions for authors and subscription information:
CHROMAT http://www.informaworld.com/smpp/title~content=t713597273

Simultaneous Preparation and Extraction of Prostaglandins from Gastric
Tissue with Separation and Quantification by High Pressure Liquid

Chromatography
C.D. Palm?* B. A. Levine®

2 Department of Surgery, University of Texas Health Science Center and Audie L. Murphy Memorial
Veterans' Hospital, San Antonio, Texas

Proparaisg & Anakytical Sapg

Exfitess by
dack Cazes, Ph.D.

I l(::_;r_hl.!lf.rl:... s ‘

To cite this Article Palm, C. D. and Levine, B. A.(1987) 'Simultaneous Preparation and Extraction of Prostaglandins from
Gastric Tissue with Separation and Quantification by High Pressure Liquid Chromatography’, Journal of Liquid
Chromatography & Related Technologies, 10: 5, 881 — 897

To link to this Article: DOI: 10.1080/01483918708066742
URL: http://dx.doi.org/10.1080/01483918708066742

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informworld.confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with prinary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or danmges whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/01483918708066742
http://www.informaworld.com/terms-and-conditions-of-access.pdf

15:21 24 January 2011

Downl oaded At:

JOURNAL OF LIQUID CHROMATOGRAPHY, 10(5), 881-897 (1987)

SIMULTANEOUS PREPARATION AND
EXTRACTION OF PROSTAGLANDINS FROM
GASTRIC TISSUE WITH SEPARATION AND
QUANTIFICATION BY HIGH PRESSURE
LIQUID CHROMATOGRAPHY

C. D. Palm and B. A. Levine

Department of Surgery
University of Texas Health Science Center
and Audie L. Murphy Memorial Veterans’ Hospital
San Antonio, Texas 78284

ABSTRACT

A rapid and practical method utilizing High Pressure Liquid
Chromatography (HPLC) for analyzing prostaglandins 6-keto-F|q,
PGF‘ZQ, PGI-22 and PBEl extracted from gastric mucosa is described.
Separation of prostaglandins using a reverse phase C;g column and
ultraviolet (UV) spectrophotometry allows detection an
simultaneous quantitation of as little as one nanogram.
Sensitivity and reproducibility make this method particularly
suitable for prostaglandin determination in gastric mucosa.

INTRODUCTION

The prostaglandina (PGa) constitute a group of closely

related derivatives of prostanoic acid. Their potent biological

properties have resulted in nuwmerous efforta directed at the

delineation of their physiological function. The ultimate
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guccess of such efforts often depends on the application of a
specific and sensitive detection method.

Various methods for detecting PGs in biologic fluids
have been reported: bio-assay (1), radioimmunoassay (RIA)

(1-6) and gas chromatography-mase spectrophotometry
(GC/MS) (5) are the most frequently used.

Recently, HPLC vas introduced to separate PGs (1,3,8,9)
vhich were then quantified by RIA (2,3,5,6), or GC/MS (7,1@).
Flucrescence and UV spectophotometry have both been used to
detect derivatives of prostaglandins (p-nitrobenzuloxine and

p-bromophenacyl esters) vwhich contain chemical groups that
strongly absorb UV light (8,11,12,13).

Terragno et al. (14) reported the use of HPLC for the
separation and quantitation of PGs without derivatization. Eleven
standard PGs and metabolites vwere evaluated and a sensitivity of
ag little as 3@ nanograms vas obtained. Hovever, greater
sensitivity is needed if quantitation in bioclogic tissue ig to be
routinely carried ocut in physiclogically meaningful experiments.
We therefore endeavored to perfect HPLC methodology that vould
separate and quantitate 6-keto-F, , PGF,,, PGE, and PGE; in
gastric mucosa vithout derivatization at levels as lov as 1

nanogran.

MATERIALS AND METHODS FOR SAMPLE PREPARATION

Hexane, 2-propanol, chloroform, methanol, formic acid,

scinti-verse, and godium phosphate were purchased from Fischer
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Scientific (Fair Lawn, N.J.). All chemicals used were HPLC

grade. SEP-PAK sample preparation cartridges vere purchased from
Waters Chromatography Division (Milford, Ma.). Hamilton glass
syringes and 4mm filters vere purchased from Millipore Corp.
(Milford, Ma.). Vap-Ports vere purchased from American

Scientific Products (Houston, TX). Arachidonic Acid was
purchased from Nev England Nuclear (Boston, Ma.). The rats vere
purchaged from Harlan Sprague-Davley (Indianapolis, Ind.). The
incubator used vas National Appliance Model 3518 (Portland,
Ore.). The freezer used in the atorage of specimens at -100+C
vag Queue Systems Model 7140 (Parkersburg, W. Vir.). Ceil
disruption vas accomplished vith a Branson Sonic Power Saonifier
Model 350 (Danbury, Conn.). Scinillation counter used vas
Beckman Model LS-7000 (Irving, Ca.).

Eight Sprague-Davley rats (225-250 grams) vere used for this
atudy. The ratas vere fed a standard diet of commercial rat chow
and vere housed tvo rats per cage with vide vire bottoms to
prevent coprophegia. The animals vere deprived of food but not
vater for 48 hours prior to begin each experiment. Folloving the
fast, the rats vere randomly divided into tvo equal groups, and
sacrificed on consecutive days. All rats vere subjected to the
same conditions.

Immediately after euthanasia, the stomach of each rat vas
removed and opened along the greater curvature according to the
method of Bassgo et al (5). The lumen vas ringed vith 0.9% saline

at 4*C. Two szamples of approximately 1@@mg of glandular mucosa
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vag dissected from the corpus of each rat vith the use of
microgcissors under a surgical microscope. Each tissue sample
vag placed in a test tube filled with 2ml of saline. Within 10
minutes of tissue biopsy each sample vas placed in a freezer

at -10@°C until ready for assay.

In preparation for incubation, the 16 tissue samples vere
alloved to thav at room temperature, rinsed in ice cold saline,
veighed, and placed in 2ml of 1@ mM phosphate-buffered saline
(pH 7.4). Eight of the samples vwere radiolabeled vith a 10pl
golution of 5 X 10° dpm { 1*Clarachidonic acid for determination
of extract recovery. All of the samples vere then incubated for
four hours at 37°C. These conditions were appropriate to permit
prostaglandin synthesis (5).

At the end of the incubation period each tissue sample vas
removed from the media and placed in 1wl of 0.1M formic acid in
order to halt prostaglandin synthesis (10). The incubation
media, vhich did not undergo extraction, vas filtered to remove
particulate matter using a 1lml Hamilton glass syringe and a 4mm
CTFE filter (.22um pore size). It wvas then placed into a 2.0ml
Wheaton style vial and kept at -20°C until HPLC determination
vere carried out.

Each tissue sample vas homogenized for one minute using a
cell disruptor. Eighteen microliters of Hexane:2-propancl (3:2)
per mg of vet tissue wveight (15)'vas added and homogenization vas
repeated for one minute. The portion of the cell disruptor horn

that came in contact with the homogenate vas ringsed vith 2ml of
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hexane:2-propancl (3:2), This ringse wvas kept in a test tube for
future processing. The homogenate vasg then centrifuged for 30
minutes at 5000g. The upper layer vas aspirated, and the
interface vas vashed three times with iml of hexane:2-propancl
{3:2). These washings along with the upper layer wvere alzo saved
for future processing. The lover phase wag taken to dryness
under nitrogen and redissolved vith 2 ml of chloroform:methanol
(1:1).

The extracts vere preparatively separated using SEP-PAK
gample preparation cartridges. The entire extract volume
including the previously saved ringes and agpirated upper layer,
vas injected into the cartridge and eluted with 10ml of each of
the folloving; vater (neutral lipids, fatty acids), 10%
acetonitrile (glycolipide and phospholipids) and 20% acetonitrile
(prostaglanding) at a flov rate of 400pl/min. The acetonitrile
eluent vas saved and evaporated under nitrogen using Vap-ports.
Care vas taken to ensure that all prostaglandin reeidue vas
ringed from the walls with chloroform:methanol (l:1) and
concentrated at the base of the vial., After the final
evaporation the residue wvas resuspended in 100ul of methanol.
Using a 1lml Hamilton glass syringe this suspension vas filtered
through a 4mm filter. The filtrate vas placed into a 1.5ml
¥heaton style sample vial containing a 100pl insert and kept at
-20°C until High Presaure Liquid Chromatography. The filtrate of
each sample that vas radiolabeled with {!*Clarachidonic acid vas

then suspended in 2ml scinillation cocktail and subjected to

885
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TABLE 1
Percent Recovery of {*“ClArachidonic Acid

SAMPLE NO. TISSUE EXTRACT UNEXTRACTED MEDIA TOTAL

1 27.24% 70.06% 97.30%
2 23.60% 74.A2% 98.22%
3 28.30% 69.31% 97.61%
4 30.65% 68.26% 98.91%
] 20.87% 78.34% 99.41%
6 26.96% 70.56% 97.52%
7 25.69% 73.907 99.59%
8 24,447 73.75% 58.19%

Eight samples of mucosal tigssue (100mg each) vere
radiolabeled with 5 x 10° dpm ("Clarachidonic acid, a precursor
of prostaglandina. This vas added tc the samples befare
incubation to trace extract recovery. The tissue vas then
processed in exactly the same manner asg the tissue that was to be
analyzed by HPLC. The counting efficiency for the eight samples
vas 98.34% * 0.30% (n=8). (Efficiency = net cpm /dpm of sample)
(Percent recovery = efficiency x 100)).

scinillation counting for ten minutes. The radioclabeled
unextracted media vas also counted in the same manner. The
counting efficiency for the eight samples and their regpective

incubation media was 98.34% * 0.30% (n=8) (Table 1).

MATERIALS AND METHODS FOR HPLC

A Rainin gradient solvent delivery system (Rainin Ingtrument
Ca. Woburn, Ma.) controlled by a Standard Brand 286 AT I (IBM-AT
compatible) computer (Compu-Add Corp. Austin, Tx.), using Gilson
714 system controller softvare, interfaced to the HPLC system via
a bGilaon 621 Data Manager (Gilson Medical Electronics Middleton,
¥Wis.). Sample injection wvas accomplished vith a Kortec K65B HPLC

Automated Injector (Kortec of Australia) with a variable loop
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(1-12@pl). To achieve separation, a Microsorb CIS 4.6mm X 15 cm
revergse phase column (Rainin Instrument Co.) was used vith S
micron packing. Detection vas made possible using a Knauer 87
variable wvavelength UV-Vig detector (Dr. Herbert Knauer, Berlin,
West Germany) adjusted to a vavelength of 193nm and 0.0025 AUFS.
The mobile phase consisted of reagent grade orthopheosphoric acid,
HPLC grade vater and HPLC grade acetonitrile (Burdick and Jackson

Muskegon, Mi.). Prostaglandin standards &-keta-F PGFéa, PGEz,

la?

and PGE1 vere purchased from Sigma Chemical Co. (St.Louis, Mo.).

QUANTITATIVE ANALYSIS

Analysis vas carried gut with a mobile phase of 9.9017M
orthophosphoric acid:scetonitrile (67.2:32.8) (14) at a flowrate
of 2.08m]l per minute. Standards of prostaglandins 6-keto-F1a,
PGF

PGE., and PGE1 vere titrated into concentrations ranging

2a’ 2

from 20pg/pl to 2ng/pl. Fifty microliter samples of these
standards vere injected onto the column using the automated
injector. An eleven paint calibration curve for each
praostaglandin vas developed using peak area and peak height. The
range of the calibration curve vas from lng to 1@@ng (Figures 1
and 2). Detector output vith a range of -10.00mV to 1200.00mV
vas read by the computer by way of the 621 Data Manager.
Detector sensitivity was adjusted to .0025 AUFS.

A typical chromatogram of prostaglandins from gastric mucosa
is shown in Figure 3. A good separation of 6-keto-F iy, PGFyy, PGE,

,and PGE; vas obtained. Retention times of these compounds were
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HPLC CALIBRATION CURVE
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2.33, 5.04, 5.86, and 6.64 minutes repectively. PG peaks vere

identified on the basis of their absolute and relative retention

times by analyzing known amounts of PG atandards.

RECQVERY

Determination of the percent prostaglandin recovery from the

column vas obtained by the following procedure;

A knovn amount of a prostaglandin vas injected onto the column

bed. The resulting peak vas collected as a fraction and
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HPLC CALIBRATION CURVE
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FIG. 2 Peak area vs. weight of each prostaglandin calibration
graph. Microsorb Cl column 15 cm x 4.6 mm I.D.; mobile
phase, .017M H,PO,: BH.CN (67.2:32.8, v/v); flowrate
2.0 ml/min; UV detectidn at 193 nm/.0025 AUFS.

reinjected onto the column bed. The recovery vas then calculated

(area of second peak / area of the first peak x 100). (Table 2)

RESULTS OF SAMPLE ANALYSIS

In preparation for analysis of the prostaglandin content,
the previously frozen asamples of tigaue and media vere alloved to
varm to room temperature. They vere then subjected to HPLC

analysis as previocusly deacribed. Table 3 represents the level
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This typical chromatogram demonstrates the elution order

of prostaglandins 6—keto—Fl , PGF o’ PGE,, and PGE, extract
from gastric mucosa. Condifions fér HPL were; Microsorb
Cl column 15 cm x 4.6 mm I.D.; mobile phase, .0l7M

H §0 : CH,CN (67.2:32.8, v/v); flowrate 2.0 ml/min; UV
détection”at 193 nm/.0025 AUFS.

of prostaglandins S-keto-Fla, PGFZa' PGE_,and PGE in each

2 1

gastric mucosa sample as meagured by this method.

DISCUSSION

Sample clean-up, HPLC sensitivity and reproducibility are

critical for consistently quantifying prostaglanding as lov as

one nanogram. After extraction, Sep-Pak sample preparation
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TABLE 2

Percent Recovery of Prostaglandins from HPLC Column

Sample vt G-keto-Fla PGan PG!-:2 PGI-Z1
10 (ng) mean 95.20 96.7 S94.8 98.1
.+ 2.1 0.7 0.6 1.4

20 (ng) mean 96.1 96.8 95.6 97.8
+ 1.8 1.0 0.4 1.5

30 (ng) mean 95.6 97.0 86.0 98.4
* 1.6 0.5 1.0 0.7

40 (ng) mean 96.4 97.1 94.9 96.9
* 1.0 0.7 1.4 1.1

50 (ng) mean 95.5 96.9 95.8 98.0
+ 0.7 1.1 0.8 0.6

60 (ng) mean 96.0 96.4 97.9 98.2
* 1.2 0.6 1.0 1.6

70 (ng) mean 95.9 97.2 97.1 97.0
4 0.6 0.6 0.8 1.2

80 (ng) mean 96.2 96.9 96.8 95.9
* 2.0 1.4 0.8 1.3

30 (ng) mean 95.8 97.3 97.8 98.6
+ 1.1 1.2 0.5 0.4

100 (ng) mean 95.4 96.8 96.7 97.7
] 0.9 0.4 0.9 1.0

Ten known concentrations of prostaglandin standards

s-kEto_Fla' PGFZa' PBEz,and PGEl vere evaluated.
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TABLE 3

Prostaglandin Content of Gastric Mucosa
(pg/mg vet tissue veight)(n=8))

PROSTAGLANDIN TISSUE MEDIA TOTAL
6-keto-F la mean 121.00 456.25 577.25
+ 2.02 7.60 9.56
PGF 200 mean 118.17 499.63 617.81
: 6.66 11.11 14.21
PG!-:2 mean 115.95 585.52 701.47
+ 4,33 6.22 4,19
PGE 1 mean 128.51 648.97 777.48
- 3.51 3.76 5.57

The level of prostaglandins in incubated tiasue wvere
consistently 20 to 30% of the total prostaglandin synthesis.

These levels vere consistent with those reported by Basso et al.

(5) and Rachmizewitz (6) with RIA.

cartridges vere used as a preparative column for sample clean-up
and trace enrichment. Sep-Pak cartridges are small disposable
chromatographic columns packed vith reverse phase C 18 packing
material. As the sample mixture passed through the cartridge,
components (lipids, prostaglandins, etc) vere selectively
retained or eluted depending on the strength of the solvent used.
Filtering the sample after clean-up is alao essential for HPLC
analysis.

The sensitivity and reproducibility in HPLC analysis is
based on stability of the baseline and the ability of the column
to separate prostaglandins of interest. The factors that affect

baseline stability are; the purity of the sclvents, pressure
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fluctuations within the flov matrix, sample-to-sample carry over,
choice of column, UV detection, and integration.

Our choice of acetonitrile for HPLC vas based on the low UV
Absorbance ( 0.1 AUFS at 188nm,), HPLC grade vater vaa used to
assure that no organic contamination vas pregent. Purity of
mobile phase golvents ig crucial vhen ueing a vavelength of
193nm. To further eliminate baseline interference from the
mobile phase, the solvents vere simultanecusly sparged vith
helium (a3 method of replacing the dissolved oxygen with helium),
degagsed, and filtered (0.45um) immediately prior to HPLC.

To minimize pressure fluctuations, the solvent pump refilil
and compression rate vas adjusted by using a pulse dampener
sensitive to one pasi. The flov vas also limited to 2ml/min to
minimize pressure fluctuations.

Sample injection vas accomplished by an automated injector.
The injector has a flow-through needle design. This design has
an inherently lov memory effect (lees than 0.1%), This is
critical vhen gampling trace amounts.

The column that ve chose vas 15cm x 4.6mm vwith reverse phase
Sum packing. The theoretical plate count vag 42,0060. This
column offered extreme sensitivity and short retention times. To
avoid sample dilution after injection and band broadening ve
elected not to use a guard column. This helped to reduce back
pregsure and the length of the stainless steel tubing needed

between the injector and the head of the column.
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Detection sensitivity was adjusted to .0@25 AUFS. This vas
tventy times more sensitive than vhat had been previously
reported (14). Electrical pover for our detector vas filtered
through a Topaz pover conditioner Model 70301 (Boston, Ma.).
This eliminated most baseline electronic noise.

The integration was accomplished using a 80286 based
computer, data acquisition softvare, and an analog to digital
convertor. Although thig method of integration is in its
infancy, it is a major step forvard in HPLC analysis vhen
compared to other instruments used for integration.

Since prostaglandins vere isolated and characterized in the
early 19688, quantitative assays of various types have been
developed for a large number of prostaglandins. Of the various
methods employed for the detection of prostaglandins, bioassay,
spectrophotometric methods, gas-liquid chromatography, mass
spectrometry, radicimmuncassay, and high pressure liquid
chromatography are the most commonly used. Bioassay, although
gengitive lacked specificity. Conversely, the spectrophotometric
and gas chromatographic methods vere conaiderably more specific,
but vere too insenasitive for use in most biological studies.
Mass spectrometry although extremely specific and sensitive
requires large initial sample volumes and time-consuming
purification prior to analysis.

Radioimmunoaagay (RIA) is presently the most videly employed
quantitative method used in this area of research. RIA offers

the advantage of high sensitivity with large sample capacity and
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rapid analysis. Hovever, specificity is often questionable due
to its’ inability to differentiate the dienoic from the monocenoic
proataglandina. In comparison with RIA, HPLC determination of
prostaglandins is not hindered by problems of poor specificity.
The gengitivity of HPLC, although less than that obtained by RIA,
iz sufficient for detecting physiclogic levels of prostaglandins.
The ability to separate many compounds in a single
chromatographic run, offers a rapid and reliable method for
detecting and quantifying the physiologic levels of

PGF

progtaglanding 6-keto-F 2%’ PGEZ, and PGE1 and other

arachidonic acid metabolitee found in gastric mucosa.

1o’

HPLC, although still a young branch of chromatography, ig a
rapidly developing technique due to recent advancee in
instrumentation and column technology. The combination of high
effiency columns and on-line UV detection is currently one of the
mcst poverful analytical tools in the field of prostaglandin

regearch.

COKCLUSIANS
HPLC, as described herein, produces analysis of
prostaglandina 6-keto-F

PGFZQ' PGEZ, PGE,, in biologic tiaaue.

la’! 1’
By separating many compounds in a single chromatogrephic run,
HPLC offers a reliable, highly aspecific, method for detecting and
quantifying the physiologic concentrations of prostaglandine and

arachidonic metaholites found in gastric mucosa.
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